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22 Newland Street Kettering Northants. 
Technical enquires ring Kett 520910 sales & order enquires 83922. 

Shop open Monday to Saturday 9.30 to 6.00 p.m, Early closing Thursday. 
Answer phone order service after 6.00 p.m. 83922 


Bock issues of Elektor & Elektor Boards normaly available from stock, 
Quantity end trade enquiries welcomed for all components. 


Quantity and trade enquires welcomed for all components. 
A Member Firm of the Brikat Developments (Holdings) Group 
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MEMaER OF THE AUDIT. 
[BURLAY OF CIRCULATIONS, 


What is a TUN? 

What is 10 n? 

What is the EPS service? 
What is the TQ service? 
What is a missing link? 


Semiconductor types 

Very often, a large number of 

equivalent semiconductors exist 

with different type numbers. For 

this reason, ‘abbreviated’ type 

numbers are used in Elektor 

wherever possible: 

© '741' stand for uA741, 
LM741, MC641, MIC741, 
RM741, SN72741, etc. 

© ‘TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect- 
ively) stand for any low fre- 
quency silicon transistor that 
meets the following specifi- 
cations: 


UCEO, max 20V 

IC, max 100 mA 
hfe, min 100 
Ptot, max 100 mw 
fT, min 100 MHz 


Some ‘TUN’s are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124. Some ‘TUP’s 
are: BC177 and BC178 families; 
BC179 family with the possible 
exeption of BC159 and BC179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291, 


© ‘DUS’ or ‘DUG’ (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


BUS [DUG ") 
R, max 25V 20V 
IF, max 100mA = |35mA 
IR, max 1A 100 nA 
Ptot, max |250mW = [250mW 
CD, max _|5pF 10pF 


Some ‘DUS's are: BA127, BA217, 
BA218, BA221, BA222, BA317, 
BA318, BAX13, BAY61, 1N914, 
1N4148. 

Some ‘DUG’s are: OA85, OA91, 
OAQ5, AA116. 


© ‘BC107B’, ‘BC237B’, 'BC547B’ 
all refer to the same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 


BC 107 (-8, -9) families: 
BC107 (-8, -9), BC147 (-8, -9), 
BC207 (-8, -9), BC237 (-8, -9), 
BC317 (-8, -9), BC347 (-8, -9), 
BC547 (-8, -9), BC171 (-2, -3), 
BC182 (-3, 4), BC382 (-3, 4), 
BC437 (-8, -9), BC414 


BC177 (-8, -9) families: 

BC177 (-8, -9), BC157 (-8, 
BC204 (-5, 6), BC307 (-8, 
‘BC320 (-1, -2), BC350 (-1, 
BC557 (-8, -9), BC251 (-2, 
BC212 (-3, 4), BC512 (-3, 
BC261 (-2, -3), BC416. 


Resistor and capacitor values 
When giving component values, 
decimal points and large numbers . 


9), 
-9), 
Ea), 
-3), 
4), 


of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 
following abbreviations: 


p (pico-) = 10°! 
n_ (nano-) 10° 
Bh (micro- 10°° 
m (milli-) 10°° 
k  (kilo-) 10° 
M_ (mega-) 10° 
G (giga-) = 10° 


A few examples: 

Resistance value 2k7: 2700 2. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4.7 pF, or 
0.000 000 0000047F... 
Capacitance value 10n: this is the 
international way of writing 
10,000 pF or .01 uF, since 1 n is 
10°° farads or 1000 pF. 
Resistors are % Watt 5% carbon 
types, unless otherwise specified. 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. As arule of thumb, 


|| a safe value is usually approxi- 


mately twice the DC supply 
voltage. 


Test voltages 

The DC test voltages shown are 
measured with a 20 k/V instru- 
ment, unless otherwise specified. 


U, not V 

The international letter symbol 
‘U' for voltage is often used 
instead of the ambiguous ‘V’. 
‘V'is normally reserved for ‘volts’. 
For instance: Up = 10 V, 

not Vp = 10 V. 


Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits. It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 

60 Hz should note that Elektor 
circuits are designed for 50 Hz 
operation. This will not normally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi- 
cation may be required. 


Technical services to readers 

© EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board. Some — but 
not all — of these boards are avail- 
able ready-etched and predrilled. 
The ‘EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards. 

@ Technical queries. Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U.K. 
please enclose an IRC instead of 
stamps. 

© Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading ‘Missing 
Link’ at the earliest opportunity. 
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A (repetitive) tone-burst 
signal is an extremely useful 
aid for testing audio 
equipment. Basically, this 
type of test signal is 
obtained by switching 
the output of a sine-wave 
oscillator on and off at 
regular intervals. The tone- 
burst generator utilises a 
novel design approach that 
simplifies the circuit 
considerably and only 
involves one minor 
reduction of the capabilities. 
p. 12-10 


The most convenient and 
elegant method of displaying 
data from a micro- 
processor is on a Visual 
Display Unit (VDU). When 
used in conjunction with an 
ASCII keyboard, a video 
interface circuit forms a 
complete video data 
terminal. 
The elekterminal can be 
used with the Elektor SC/MP 
system or any microprocessor 
system possessing a serial 
input/output facility. 

p. 12-16 


ASCII keyboard 
plus 


elekterminal 


equals 


TV typewriter 


Although the basic version 
of the TV scope is an 
extremely useful tool when 
testing low-frequency 
circuits, the extended version 
offers vastly superior display 
possibilities. Any signal 
within the frequency range 
of the scope (DC to 100 kHz) 
can be displayed as a clear 
and stable trace on the screen 
of any domestic TV receiver. 
p. 12-34 


This month’s cover illustrates 
the close relationship 
between the ASCII keyboard, 
published last month, and the 
Elekterminal described in 
this issue. Although they are 
two independent units, each 
useful in its own right, the 
combination is equal to a 

‘TV typewriter’ with a 
microprocessor-compatible 
interface. 


contents 


selektor 


12-01 


PWM audio amplifiers................+.. 12-04 


This article takes a look at the principles of class-D amplifiers 
and examines the circuit of a commercial design. 


Singing SC/MP» .a.Qamciatarercse srs 9 1200 


It's possible to make a yP sing a tune, as demonstrated in 
the SC/MP program described here. With Christmas in the air, 
a well-known tune was chosen: ‘Silent Night’. Programs for 
several other well-known melodies are also included on an 
ESS record. 


tone-burst generator ....... 0.0 e eee ee ee ee 12:10 


disco drums (L. witkam) 12-14 


A large number of contemporary pop records are aimed at 
the so-called ‘disco scene’. With the aid of the circuit 
described here, records from the ‘pre-disco era’ or one’s party 
tapes can be lent an authentic disco ‘flavour’ by the addition 
of a synthesised percussion track. 


GIGKtOrIMINal cvetayec-« vvevecoususteraxevejeisrsvetasusimnie, Aer LO! 


RAM diagnostic (H. Huschitt) 6.6... 0.000000. 12-25 


The more RAM one adds to a pP system, the more difficult 
it becomes to trace any faults which may occur on one of the 
memory boards. The following program can be used to test 
any block of memory larger than % K and will indicate the 
location of any faults which exist. The complete program is 
also recorded on the Elektor Software Service record 
ESs-001. 


reading ElOKtOr <¢c.ssc ieee noone sna W227 


cumulative index volume 4 — 1978 ........ 12-28 


TUP/TUN/DUS/DUG ..........000eee ees 12-30 


variable fuzz-box .......2 eee eeeeeeeees 12-31 


This super simple circuit can produce a large variety of 
manually controlled sound effects, by employing signal 
clipping techniques. 


TV scope — extended version............. 12-34 


extending the elektor piano ............+. 12-51 


This article provides readers with details of the changes in 
component values and of the additions to the filter circuits 
which will be required to extend the piano with one, two or 
three octaves. 
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UK 6 — elektor december 1978 eps 
Many Elektor circuits are accompanied by designs for E23: MARCH 1977 experimenting with the 
printed circuits. For those who do not feel inclined to | OTA-PLL (E7, E24) 6029 140° 3.1 SC/MP (E31): CPU 98512 850 18.80 
etch their own printed circuit boards, for their own scope calibrator 9455 0.30 0.65 UHF TV modulator 9864 1.35 2.95 
use only, a number of these designs are available as run rabbit, run! 9764 4.15 9.1 electret microphone "a 
ready etched and pre-drilled boards. Delivery time is preamplifier 9866 0,60 1.30 
approximately three weeks, U.K./air mail, E24: APRIL 1977 analogue frequency meter 9869 1.10 2.40 
digisplay (E13) 9376 3.10 6.90 | heating controller 9877 3.20 7.05 
LED VU/PPM, MW reflex receiver 9880 0.85 1.85, 
rectifier section 9419-1 2.36; 5.15 genaltive Hiehimeter Pere ek fi30 
display section 9419-2 4.50 9.95 stylus balance 5 A 
Example audio slide changer 9743 0.65 1.45 signal injector (E24) 9765 0.50 1.10 
digisple morse decoder 9759 7.35 16.25 notted handkerchief 
eee signal injector 9765 0.50 1.10 (€27/E28) 9830 0.20045 
E25: E33: JANUARY 1978 
Toreulalte Troddl tar took (224 simple function generator 9453 2.70 «6.00 
2. reference to associated article(s) multiplex encoder 9796-1 3.10 6.85 formant (E25... E32): 
Pe UL FRiagedvonmiver 97062 183 S85 | ABT co tanawr SF" $22 88 
* = p.c.b.’s without solder mask albar f ¥ , 
U.K single transducer/receiver 9815-1 1.26 —-2,80_—| elektor equaliser 9832 3.45" 7.65 
5. price (in £) inclusive of VAT transmitter 9816-2 0.40 0.85, _ | .gxPerimenting with the 
6. * = 12.5% VAT; otherwise 8% VAT Eee UNECST? Lus beard” 9857 3,00 6.65 
U.S.A. and Canada: precision timebase 9448 1,55 3.40 memory card 9863 12.75 28.20 
7. price in S, not including tax (if any) power supply for precision CMOS noise generator 9859 1.45, 3.20 
timebase 9448-1 0.60 1.30 peak programme meter 9860 1.30 2.80 
formant: keyboard 
interface (E25) 9721-1 260° 5.75 E34: FEBRUARY 1978 
£ g | levitator 9763 2.35 5.20 | formant (E25... E33): 
E1: DECEMBER 1974 active loudspeaker cross- % DUAL-VCA 9726-1 3.35 7.40 
equa amplifier 1499" 180° 3.95 over filters (E25) 9786 1.95 4.30 development timer 9840 2.10 4.60 
: model car track (E24,E25): experimenting with the 
ES: APRIL 1975 servo amplifier 9803 0.36 0.80 ca ist ++ B33): Pr tokens) oserion 
disc: presmpi76131 40408" 1.26 2.80 | &27/E28: SUMMER CIRCUITS 1977 infrared light gat: . e 
i knotted handkerchief 9830 0.20 0.45 transmitter 9862-1 0.65 1.40 
E7: NOVEMBER 1975 8 ‘ 
ota pll 6029* 1.40° 3.10 guitar preamp 77020 1.10 2.45 receiver 9862-2 0.85 1,85 
frequency counter, 0... 10 V supply 77059 0.95, 2.10 £35: MARCH 1978 
minitron display board 9312 1.45 3.20 | mqualiser 77071 0.70 1.50 | formant (E25... E34): 
frequency counter, led automatic NiCad charger 77075 0.65 1.45 formant (E26... 
display board 9313 145 3.20: | TV games 77084 2.05, 4.60 nee eale Se 
frequency counter: 4 War radio amplifier 77101 0.65" —1.40 noise module 9728-1 3.05 6.75 
counter/latch/display 3% digit DVM 7109 2.15 4.70 Selo 9885 14.00 92,80 
ariver 9314 1.20 2.60 VHF games board 9892 2.10 45 
UHF converter 9864 1.35 95 
£8: DECEMBER 1975 £29: SEPTEMBER 1977 
ay 9169 085 1.90 | FM mains intercom 9359 4.88 10.75 | SC/MPpower supply 9906 310 (6.85 
formant (E25, E26): < E36: APRIL 1978 
E12: APRIL 1976 interface receiver 9721-2 1,30, 2.80 | formant (E25... E36): 
stylus balance 9343 0.45" 1,05 peer SUPE 9721-3 4.15 9.15 COM wu" 97204 2.80' — 6,20 
"IMBBSAAT 93443 1,46" 3.20 |_, (one octave) 9721-4 0.76" 1.70 | Saesorteintert 8008 «250, 8.80 
ic drummer, instruments ‘ ‘ logarithmic darkroom vee oltre bad 9911 3.30" 7:35 
mother board 9344-2 200° 4.40 | timer 9797 380 yy 882 vane Owe eee ‘ : 
test pattern 4 
faugnterboard 93441 0.98" 0.0_-| _senerator, motherboard 9800-1 6.95 13.10 | E37: MAY 1978 9873 1.80 3.95 
UAA 170, 270° meter, mpg carueck percolator switch 9902 0.85 1.85 
basic board (E17) 9392-1 1,50 3.30 Gale digital reverberation unit, 
UAA 170, 270° motor speed control 9829-1 0.55 1.20 J + 
, meter, BroBtenar 9829-2 1.86 3:45 main board 913-1 4.15 9.20 
Sinem Ae Tipe ee oC a ae 
, + . ini t eiver a B 
basic board 99023 1.16 260 _| E80, OCTOBER 1977 Cente RED. = 
UAA T7016 LED display |g 0.95 2.10 |. daughter board 1 (E29) 9800-2 3.30, 7.35 | 1/4 GHz counter 
: ‘ infrared transmitter 9822 2.50 5.55 timebase and control 9887-1 7.85 ~—-17.40 
E13: MAY 1976 ioniser 9823 3.00 6.60 counter and display 9887-2 8.95 19,75 
preco, preamplifier 9398 2.40° 6.35 Kirlian camera 4523 2.25 5.00 low freq. input amp 9887-3 1.40 3.05 
preco, control amplifier 9399 1.40; 3.10 Li) poate): 9831 zs ss high lia lnpue amp =: 9887-4 1.30 2.90 
uin 9401 2/55 5.65 | model car trac! automatic mono/stereo 
ia (E24... 26, 29): switch 9923 0.90" 2.00 
£17: SEPTEMBER 1976 infrared receiver 9848-1 0.80 1,80 TV sound modulator 9925 0.95 2.05 
tachometer, LED meter multiplex decoder 9848-2 0.85 1.90 mini-counter 9927 2.50 5.50 
board (E12) 9392-1 1.50 3.30 
tachometer, front E31: NOVEMBER 1977 39/40: SUMMER CIRCUITS 1978 
panel (E12) 9392-2 2,00 4.40 | formant (E25... £30): i power flasher 78003 0.80 1.75 
tachometer, contro! vco 9723-1 830° 18,35 | electronic gong 78037 1.05 2.35 
board 9460 1.45 3.15 | CCIR: daughter board 2 bicycle speedometer 78041 0.85 1,85 
windscreen wiper delay, (E29, £90), a 9800-3 2.55 5.65 glowplug regulator 79042 t ‘75 $90 
ing SCR 474-1 0.70 1.55 | video biofeedback: touch dimmer . . 
Saal display generator 9826-1 2.55 6.60 | micropower amplifier 9558 1,00 2.15 
£19: NOVEMBER 1976 alpha amplifier 9825-2 2.10 4.60 | consonant 9945 6.40 14.10 
intercom 156 1.05 2.30 electrometer 9826-1 0.70 1,50 luminant (3 boards) 9949 6.05 13,35 
albar: see E25, May 1977 sensors for electrometer 9826-2 0.65 1.40 preconsonant 9954 2.00 4.40 
albar, power supply 9437 1.15 2.50 magnetiser 9827 0.65 1.45 
signal horn 9438 1.05 2.30 experimen with the SC/MP: E41; SEPTEMBER 1978 
RAM-1 9846-1 6.75 12.70 | piano 
SC/MP board 9846-2 1.80 3.95 octave 9914 3.15% 7.00 
£21: JANUARY 1977 model car track (E24... E30): power supply 9979 1,70. 3.80 
stereo audio mixer 9444 6.55" 14.50 transmitter power filter 9981 4.25 9.40 
marbles 9753 1.55 3.40 pele nae ae zia0 master tone alist 9915 7.55 16.70 
chassis 50 85 35, temperature-control 
soldering iron 9952 1.60 3.55 
E22: FEBRUARY 1977 , E32: DECEMBER 1977 formant 
local radio AF 9499-1 0.70 1.65 | formant (E25... E31): 24 dB VCF 9953-1 4.00 8.80 
local radio psu 9499-2 0.70 1.55 VCF 97241 3.40 7.45 | puffometer 9961 1,50 3.30 
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£42: OCTOBER 1978 
central alarm system: 


master station 9950-1 2.45 5.40 
slave station 9950-2 2.15 4.75 
alarm station 9950-3 1.05, 2.35 

resonance filter module 9951 3.70 8.25 
VHF/UHF modulator 9967 1.35 2.95 
TV-scope: 
Y-amplifier 9968-1 1.80 3.90 
main board 9968-2 3.40 7.50 
video mixer 9968-3 1.70 3.80 
syne circuit 9968-4 1.70 3.80 
power supply 9968-5 1.35 2.95 

databus buffer 9972 1.35 2.95 

analogue reverberation 
unit 9973 4.85" 10,65 

proximity detector 9974 2.25 5.00 


E43: NOVEMBER 1978 
digiscope, main board 9926-1 4,80 10.65 
digiscope, display board 9926-2 1.35 2.95 


ASCII keyboard 9965 6.50 14,35 
cackling egg-timer 9985 1.85 4,05 
loudspeaking telephone, 

main board 9987-1 1,50 3.30 

pick-up board 9987-2 1.35 2.95 
pocket bagatelle 9988 1.35 2.95 
ring the bell and 

win a prize 79006 1.60 3.55, 
Tag! 79007 1.65 3.30 


NEW 


E44; DECEMBER 1978 


elekterminal 9966 10.85 23.95 
TV scope (E42,E43): 
memory board 9969-1 4.25 9.40 
trigger board 9969-2 1.35 2.95 
timebase board 9969-3 1.35 2.95 
tone-burst generator 79017 2.35 5.20 


front panels for Formant (E25... E35) 


interface 9721-F 1.40 3.05 
vco 9723-F 1.40 3.05 
VCF 9724-F 1.40 3.05 
ADSR 9725-F 1.40 3.05 
DUAL-VCA 9726-F 1.40 3.05 
LFOs 9727-F 1.40 3.05 
NOISE 9728-F 1.40 3.05 
COM 9729-F 1.40 3.05 
Complete set of 11 panels (includes 3 x VCO and 
2x ADSR): £ 13.85 or $ 30.55. 
24 dB VCF (E41) 9953-F 1.40 3.05 
resonance filter 
module (E42) 9951-F 1.40 3.05 


simple function 
generator (E33, E38) 9453-F 1.50, 3.30 
consonant (E41) 9945-F 4.25 9.40 


j w 
45 RPM records with SC/MP programmes 
reaction timer, SC/MP 

as clock, mastermind, 

Kojak siren, RAM FSS 0019, 1.08 
diagnostic 


NEW 


singing SC/MP: well- 

known Christmas 

melodies, both as ES5.002" ‘poz. 
SC/MP program and ‘live? 
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If you have bought from us before, you will kriow just how 
and varied our stocks are. For those who have yet to know, we 
publishing a series of five advertisements month by mont 

up-to-date information and prices on the most important items we 
carry. These advertisements will appear in stepped rotation in five 


Capacitors 


to give 
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SAVING CATALOGUE. 


MEET US AT BREADBOARD STAND No. B8 


Quantity prices available except for MDC. 


al Wireless, Practical Electronics, Everyd: 
Electronics and Electronics Today International, so that the comple 
series will be available each month, In this way, no matter which 
journals you read, BY DETACHING AND SAVING THESE PAGES, 
YOU WILL HAVE A VALUABLE AND COMPREHENSIVE MONEY 


CERAMIC DISC © HF volts ELECTROLYTIC, 1524, 28.0 x 17.8mm uF POLYPROPYLENE, 
500V: 1, 2, 5nF 3p «10 6.3 21p = TANTALUM BEAD 330 “8p 01 15p B33063, 160V © 
50V: 0.02UF kn +d 12p Siemens 845134 series 390, 470, 600 18p 01 25p 100, 470,680pF 4p 
50V: 0.05yF 4p tn aa 12p 560, 680. 18p 0.12 13p 2200, 4700, 5600pF 6p 
CERAMIC FLAT yeas 05 Age 14p 820, 1000 22p 0.15 14p —-5100pF 4p 
TUBULAR B37448 @ 22 10 Ao 12p 2200 24p 0.22 15p 6800, 10,000pF 6p 
(2.5mm) poe has 12p 0.2235 © 4p 3300 36p 0.33 18p POLYSTYRENE, 
O.01MF 63V 4p 0440 13 0.47 35 @ 4p 4700 46p 0.47 21p B31110, 160V 
0.022uUF 40V H = 3p 549, 63 155 06835 © 14p R2032, 35.6 x 23.0mm 0.68 27p 5, 7, 10, 12pF 6p 
0.022uF 63V 5p ° P 10 35 @ 14p 1.0 31p 15, 22,27,.33pF «Gs 
0.033uF 63V Bruce sacs 8p) 22 16 © 14 1001800 ABP ee iato 46p eee fs 
0.04 7H 63V sp 4? 3 tap 22 38 © «tap 2200,2700 24 29 51 gepr. ep 
O.06RLE 63V Cake) ize 33 16 jap 3600, 3900 20p 47 Toa AU Sees, 620k Be 
he Bet 47: 25 14p 47 16 Pp 4700, 5000 33p 19) 181 100, 120, 150pF = 5p. 
CERAMIC FLAT 47 40 15p 7 16p 6800 41p 4 160, 180, 220pF 5p 
TUBULAR B37449 @ 47 «63 16p SUED, 18P 200, 10,000 56p POLYESTER, 270,330, 390pF Sp 
(5mm) 4, 100 19) 6.8) 25 188 832560 PCM 7.5mm 470, 560pF 5p 
0.047 F 63V BpeeeoOn 83 Law beet kd 16p MIXED DIELECTRIC, FY i 
Coaeteeay Bae PUNTO UNITS 18 2 MD m volts POLYSTYRENE, 
0.08 rie: SP 100 10 Aap Holes 20p —-GOOV 0.001 250 © 6p 31310, 160V 
0.22 F 63V Tee coals Bp is 26 sn 27 0.47 72p «0.0015 «250 @ «Gp 560, 680, 820pF Sp 
Be eC ab 16p 90 “6.3 @ = 18p =~ 1000V 0.0022 250 © 6p 1000, 1500pF 5p 
CERAMIC PLATE 100-40 16p 1 0.001, 0.0022. 18, 0.0033 250 @ 6p 2200 3300pF 5p 
22 16 22p ; ; Pp 
(Mullard C923)9 AOC nes Bp 2okc26 45p 0.0047 18p 0.0047 «250 @ «Gp — 1200, 1800pF 8p 
E12 values LOO TESLOD 28p 33,10 22p (0.01 -20p 0.022 21p _—«9.0068._- 250 @ =p = —.2700, 3900pF 8p 
1.8pR= 18pF Ap cae0 ey) S. ASR. Wazeless 2p «0127p 0.22 4Bp «9.0082. 280 © = 7p ~—4700, 5600pF 8p 
CERAMIC PLATE @ B20 te 3 fee 47. «16 35p RORUESTER 0.01 250 © Gp 6800, 8200pF 8p 
E12 values P 100 «3 2p . 0.012 250 © 7p — 10,000pF 8p 
22 — 33 pF 3p 220 16 17p 100 6.3 5p Mullard C280, PC mtg. 0.015 250 @ 6p 12,000, 15,000pF 12p 
39 — 68 pF 3p gan ge aoe 100 10 67p 0. 01,0 015 : 6p 0.018 250 $ 8p 18,000, 22,000pF 13p 
He 27000 F 3 220 63 30p ELECTIROENTIC? 0033 0.047 @ < pos? 30 e He MM PACIT! 
270'= p A aoc ia 398 TANTALUM, AXIAL Pr083,0-04718 Ge 0.027 250 & «Sp TRIMMER CAPACITORS 
1800 4700 pF 3p Ss 4706.3 6p. _ “Stemensiseries 0.1 ° 7p 0.039 250 @ 8p Polypropylene, 100V, 
6800 pF 3p 47010 19p 01/35, 0.47/35, 35p =. 15, e 8p 0047 -«-250 © =p _ 0.1" matrix @ 
CERAMIC FEED aos 16 ae se 022 © 9 0.056.250 @ «9p —-2-10pF 23p 
~~ THROUGH @ anne 128 22p = -2.2/20,4.7/10 — 35p_— 9.33 © 13p 0.068 250 @ 8p — 5.5-65pF 34p 
Team anod ep 470 40 3p —-2.2/38,4.7/35 — 37p_—Sg.a © 1p 0.082. 250 @ 11p ~—-2-22pF 27p 
P| Pp 470—«63 49p —10/20,'22/15 37p 0.68, 10 2p OF 250 © 9p 
ELECTROLYTIC, 470 100 74p 47/10 66p 4.5, 2.2 42 O41 7's. 9 VARIABLE CAPACITORS 
REVERSIBLE © 1000 3 18p a Pp errs Jackson ‘Dilicon’ solid 
EX50 series, 50V 1000 6.3 22, LACQUER FILM POLYESTER, 0.12 100 12p  Gielec. 
QUE : 28p 1000 10 21, :(9 mpolarised) PC mounting 0.15 100 © 10p —sq0pF 1.70 200pF 1.82 
4 eur 27 ipeual eoioats 20 Siemens 832110 Mullard 344: or Siemens 38100 @ 138 300pF 1.96 S00pF 2.20 
8.10, 16H 3p 1000 28 40p wet mee 892294. series as 0.27 100 © 19 Jackson CBO4, air dielectric 
40, 69UF Sep 1000 63 yep 1. 100 76p  100V 0.33 100 § 16p SOF Ae VeopF 188 
100 F 65p 2200-3 23p «0.18 G3 62p 0.047 ap 038100 8 28P Soar 1:48 1SpF 1.39 
ELECTROLYTIC, 2200 10 Oana eee LO Reet) Peieoee | 100; S0p. J00RE 171: a0pr 1.66 
eins Ben ete Se ea oe | i menue mem 
2200 25 70) . Pp P : pF 1. 
Siemens 841070 Beenie 7p 068 63 B4p 0.22 12p POLYESTER, Jackson Ball Drives, 6:1 
1000LF 40\' 99p 4700 16 85p 10 63 91p 0.33 16p 832561 PCM 451180 1,38 
1000KF 63V 1.07 4700 25 96p pO ge 1On, 1.45 0.47 18p 0.01 250 @ Sp 451104 1.38 
1O00KF 100V 1.80 10,000 3 40p Ae ieee fay 968, oe 0.022 260 ¢ Sp 4489 with calibrated 
2200KF fov tat ELECTROLYTIC age eS cart 70 On 380 get ON an, 
, i t i 4 e 
FET 180 PLUGGABLE © 47 63 207 68 1.08 ee | 100 8 11 CAPACITOR CLIPS 
Pronue ayy Yeo Siemens B41316 series 68 63 259 250V KG to 2a6 «HORIZONTAL 
a 700uF 63V 204 HF volts 10 63 3.00 0.01 ° 6p p 1 25mm 8p 35mm 8p 
ia 1.0 63 13p 10 100 5.06 0.015 e 6p POLYESTER, 44mm 1p 
ELECTROLYTIC, 22 63 13p 0.022 e 8p 832562 PCM VERTICAL 
CANS @ 47 63 SILVERED MICA, ‘ 
Daly, sineved 13p-350v @ 0.033 8p = 0.47, 100 © 17h 25mm Bp 30mm 14p 
1000/28 aon mest eas 134% tur pF) OR. 8p 1.0 100, 30h 35mm Bp 4imm Bp 
2200/50 ap: sa) fas 132 R611, 12.7 x 8mm oF Mp. 22 100; 48P, 44mm 10p_ “51mm 14p 
5000/25 98 47 16 13h All in pF ae oe POLYESTER, 64mm 14p# 
4700/100 361 47 40 14p 212: 33,6 Mp 10 27 832563 PCM 
ELECTROLYTIC, 47 63 18p 6.8, 10, 15 Vp 22 48p 1.0 400 72p 
axial lead @ 100 6.3 14p 18 20, 22, 2511p 400V (Good pulse discharge 
Siemens 841313/ 100 16 16 Mapes 27 F088 1p 9.01 e 7p ratings) 
B41283/841010 100 25 15p . 47, P 0.015 e 7p 
ye volts 199 as Be ren 88 tae POLYESTER, Axial lead NEW ANOTHER SPECIAL FROM ELECTROVALUE 
S047 63 zine o2 ees {20 Siemens 83231 series WE ARE NOW NATIONAL DISTRIBUTORS FOR 
1.0 40 zip 220 10 6p 220 ATR eaeeol NASCOM 1 
1.0 100 12 P P 0.01 630 13p 
2:20) 26: 12p Zan 3s ip R1015, 16.5 x 11.4mm 0.015 630 13p MICROCOMPUTER KITS 
22 63 12p P82, 100 1 0.022 630 13p ean ek 
22 100 2p 4706.3 16p 420, 150 ip 0.033 400 8 13p Neus pares rent £197.80 0 V.A.T 
47 16 21p 470 10 19p 180, 200, 220 12p 0.047 250 13p Quantity dicounts 
47 40 12 470 25 25p af a 0.047 400 e 14 * Trade Enquiries invited 
P 250, 270, 300 12p P 
47 63 12p 470 40 29p 330 15p 0.047 630 16p 
4.7 100 14p 1000 16 26p 470 16p 0.068 250 | 4p rders and correspondence to 
1000 Bop ot, 269 if Dept. EK12 


© GOODS SENT POST FREE U.K. WITH 


@ For ACCESS or BARCLAYCARD orders, 


C.W.O. orders over £5 list value. If under, just phone or write your number. 
add 27p handling charge. 5 

© ATTRACTIVE DISCOUNTS onC.W.0. @ 
mail orders — 5% where list value is over 


£10; 10% where list value is over £25. 


@ TOP QUALITY MERCHANDISE — ALL r 
GUARANTEED. 


@ V.A.T. — Add 8% to value of drder. For 
items marked *, add 12%%. 


ELECTROVALUE LTD 


28, ST. JUDES ROAD. ENGLEFIELD GREEN. 
EGHAM. SURREY TW20 OHB 
Telepnone Egham 3603 Telex264475 


Northern Branch - 680.BURNAGE LANE. : 
BURNAGE.MANCHESTER M19 1NA(061)432 4945 


No discounts allowable on prices marked NET or N. 
TEAR OUT AND TAKE GOOD CARE OF THIS. 
PAGE AND REMEMBER TO LOOK OUT FOR 
NEXT MONTH'S TO ADD TOIT. 

OUR COMPUTER-AIDED SERVICE TAKES 
GOOD CARE OF YOUR ORDER NO MATTER 
HOW LARGE OR SMALL 

© Comprehensive price list free on request 


s 
_.. 
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AUDIO, DIGITAL AND ELECTRONIC 


it ron 1 Cc COMPONENTS LTD. 


26236 26TH AVE RR5 ALDERGROVE B.C. VOX 1A0 856— 
CANADIAN DISTRIBUTORS to magazines, binders and P.C. 
specialty shops of : boards for elector projects. 


WESTERN ‘CANADIAN DISTRIBUTORS OF 22st | CURRENT and-BAGK ISSUES 


magazines: are available by mail order for 


PERSONAL COMPUTING, 73 MAGAZINE, R.O.M. ie heiprrmatcp orn 


INTERFACE AGE, BYTE, KILOBAUD, envelope for a complete list of 
SYBEX BOOKS magazines and books. 


Send one dollar for catalog and 


THE ONLY WESTERN CANADIAN os ae lists. Ca 
STEREO MAIL ORDER HOUSE ca a 


DEALER ENQUIRIES WELCOME 
SEND ALL MAIL 


AUDIO, DIGITAL AND ELECTRONIC 


ORDERS TO: itronic COMPONENTS LTD. 


26236 — 26TH AVE., R.R. 5, ALDERGROVE, B.C. VOX 1A0 


Carbon Film Resistors Linoar Circuits by RCA, National exc, i 09 
" 6 from 4.7 ohms to 10 Megohms. 1498 Pp 
Poa axe ee oo eee eee (Medes 709 DIL\t4 ntraea th EMISEIN 12p 7496 60p | Aci25 Bc5s8 23704 
NY SHEEN OM 7A10IL8 — 22p ~— LM1303 12p 7497 140p | AC126 BCB59 2TX310 2N3705 
each 100+ 1000+ 5000+ 741 DIL 1436p — LM3900 12p 74100 90p | ACI27 BCY70 ZTX311 2N3706 
1p 0.9p 0.8p 0.75p 747C DIL 1470p —LM3909 12p 74104 moles eval BED 2N3707 
a 7486 DILB —35p —MC1310P 1p 74105 Bey? 23708 
Bgztevtonment nck of 10 wh valve 4.7 ohms to 1 Megohm, availa | ZABG IL 8 356 CIR me ige aoe [note tee ears Me, Erie ie ature 
COD ROE DG BEC REASSURES CA3014 1130p Mc1314P 74109 ‘D161 80131 27X601 2N3710 
Potentiometers CA3018 75p —MC1315P 4p 74110 ‘A0162 80132 27x602 2N3711 
GA3020  160p | M1330 aii AP 124 80133 21X603 2N3716 
Carbon track. Log and Linear values GA3028 © 125p | MC1458N 74116 AFI25 80135 27X604 2N3819 
5K — 2M2 single gang . veeee 26p | CA3035 140p =MC1496N ANB AFI26 BD136 2TX630 2N3823 
5K — 2M2 single gang switched 80p | CA3036 —170p NESS 74119 AFI27 80137 27550 2N3824 
5K — 2M2 dual gang stereo . . 78p | CAa3042 170p = NE5S6 Tair AFI39 80138 2N696 2N3866 
Pent Ponies aoe 1S ee, te Site SBS 2 ie ie Ree 
Subminiature type available in horizontal or vertical mounting. CA3082 NES628 74126 Bc107B BF2448 2Ne99 2N3905 
O.1W rating, 100 Ohms {0 2M, sess esse sess eeeecceseeeeeseee eee s Gp ach, CARO NESGSA 7ara2 8108 Be X29 20706 2N3906 
Special development of 5 of wach value from 100 ohms to 2M, a total of 70 2N4037 
presets (please state vertical or horizontal) eves syseeursseseeseesees £3,085 | CAOBO NESG7E 7414g BCiog¢ BExe? 2N708 2naose 
fo GA3089 $N76013N 74147 Bc109c BFYSO 2n918 2N4060 
cae Peron €A3090 SN76023N 74148 90p | BC147 BFYSI 2N919 2N4061 
Miniature plate type, 50V PC mounting. Available from 22pF to 1000pF in £12 | CA3123 $N76033N 74150 BC14B BFYS2 2N920 2NB17 
15179 
series and 1500pF t0 0.0470 in E6 series, «es... ++ Bpeach, | CA190 TAAG21A 74181 60p | BC149 BU105 2n029 2N5457 
CA31401 TBA1208 BC187 8U205 2N5458 
LM300H TBABAO 74154 BC158 BU208 2Nn1131 nN 
eoty sal oped tore LM3O1AN BAGS 74188, Bc189 M2055 2n1132 BNET 
Mullard C280 sories, 250 PC mounting. LM3oaH TBA8O0 74156 BC167 MPF 102 2N1302 
GN ALEC. 0.005 01047 0.048: 0. ey 0:16) 0:22.78) 0.93/04), 10pi1) LMSC TBA920 24187 Bogs MPSA09 2N1303 Diodes 
.068, 14p; 1,0, 17p; 2,2uF, 28p oac! M318N TCA2708Q oaa7 
‘ M324 TOA1002 74161 65p | BC169C T1P29 2N1613 Oagt 
Special development pack of 5 of each value .++44++ + €a.go | LM2a Oe a8 alee pers TIPaBA Nien Ey 
LM380N jp TOA2020 43p 74163 BeI71 TiP298 2N2160 i914 
Tantalum Capacitors t3ein 2Na14 74164 Bo172 Tip29c 2nz249 1N916 
74165 Bc17. TIP30 114001 
BT STR ER ORATOR Eee NE . ‘ yi 74166 _80p | 8C177 TIP30A 2N2368, 14002 
sees 4000 4040 Gop 74167 C178 T1P30B 2N2369 11N4006 
22 © 16V, 47 @ GV, 68.@3V, 100 @3V ... é rea 4041 74170 BC179 TiP30c 2N2484 1N4148 
Dovolopment pack § of each Value .......s0ssssse sa 30 | 4001 4042 74172 Bci82 TIP3Y 2N2846 Rapalen 
Bes 4043 74173 creat. TIPSIA 2N2904 ver, 
Optoelectronics 4008 4046 74174 Bc183 TIP31B 2N20940 7805 
LEDs 4009 4049 TANS BC183L, TIP3IC 2N2905 7812 
Red 4010 4050 74176 BC184 TIP32 2N2905A 7815 
Peon ais 4051 7477 BCIB4L TIP32A 2N2906 7818 
O2in 9p 4012 4052 28p 74178 80207 TIP32B 2N2906A 7824 
2 Pa 4086 74181 8C208 TIP32C © 80p © 2N2907 78105 
ace 4068 74182° 60p | BC209C 71P33 2N2907A 7BL12 
Diteys “ote 4069 7A185 BC212 TIP33A 2N2926G 7816 
DL707 90 mute 4070 74190 BC212L. 71P338 2N2926R 7905 
ao18 4071 28p 74191 BC213 TIP33C 23011 7912 
DIL Sockets Paes 4072 74192 BC213L TiP3a 2N3053 7915 
Bpin Mp 14 pin 3p 24pin30p | 4000 4073 74193 BC214 TIP34A 2N3054 7918 
apes 4075 74194 BC214L T1P34B 2N3055 7924 


4078 74195 8477 27X107 2N3121 79105 
Quantity discounts on any mix TTL, CMOS and Linear Circuits 25+ 10%, 100+ | 4024 4081 Ta196 Sep | Boa7B 27x108 2N3133 79112 


18%. All orders despatched by return. Prices VAT inclusive. Please odd 30p for | 4028 4510 74197 C479 21x109 2N3440 _80p | 79L16 
carriage. All components guaranteed brand naw and full specification from leading | 4oa9 4511 74198 BC547 27x300 2N3441 

manufocturers, Collres most welcome at our premises 8.30 a.m. to GpmMonday | 4927 4516 74199 Boda Frx301 2N3442 LM317K 200p 
to Saturday. All prices valid to 30th April 1979. Send 12p stamp for our new | 4o59 4518 Bc549 217x302 2N3702 CM323K 5830p 
illustrated catalogue. Official orders welcome from colleges, universities, etc. | 4029 4620 ra C550 21%303 2N3703 M723 


CN STEVENSON (K1) 236 High St. Bromley Kent BRI 1PQ Tel: 01 464 2951/5770 
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LINES FROM OUR VAST STOCKS — IMMEDIATE DELIVERY 


All below manufacturers’ prices — all new 
stocks. Quantity discounts — export enquiries 
invited. 


Postage & packing 35p pwr order. 
CALCULATOR CHIPS General instrument 
GIMT4 on anti-static foam 24 pin D.1.L. socket for 
use with Bowmar display £1,50 ea. Pack of 25 
chips £25. 

BOWMAR 9 DIGIT CALCULATOR DISPLAY 
with PC connector 0.2 digits. Common cathode 
with red bexel £1.25 ea, 10 ~ £10. 

TEXAS 19 gold plated snap key contacts on gold 
plated P.C, board, Size 70 x 80 x 2mm 75p each. 
10 for £6. 

ORP12 light dependent resistance (Eq = RPY30) 
2for £1. 10 £4. 100 — £36, 

FAIRCHILD FND10 0.15 7 segment display 

C cathode 60p. 10 for £4.50. 

TBA 120A T.V. I.C, amplifier Siemens 75p. 

10 ~ £6, 100 — £50. 1000 — £350. 

BECKMAN 500 kes Triggerable clocking 
oscillator for use with calculator chips by supply 
with circuit £1. 10 for £8, 

BURROUGHS 9 DIGIT Panaplex calculator 
display 7 segment 0.25 digits. Neon type with 
red bexel socket and data £2.50 ea. 10 for £20, 
ALMA PUSHBUTTON high reliability reed 
switches, Push to make. 18 x27 x 18mm 40p ea. 


T.V. SOUND TUNER KIT. Through your F.M. 
tuner. Kit of parts with instructions £5.50, 
Ready-built, tested £7.00. 

JOYSTICK CONTROLS (Ideal for TV Games, 
model control), sturdily constructed compact 
giving full 360° movement and control. Each unit 
fitted 4-off 100K linear controls. Pair £4.00. 
T4/RF LONG-MEDIUM & F/M TUNER WITH 
MC1310 DECODER * 5-BUTTON SELECTOR 
SWITCHES * INPUT SELECTORS FOR GRAM 
ANO TAPE * Supplied complete with FRONT-END. 


TUNER AND FERRITE AERIAL * SIMPLE INTER- 


CONNECTIONS * Size 19 x 13 x Gem. 

THIS QUALITY AMPLIFIER £10.95 WITH 
CIRCUIT. 

POWER UNIT KIT FOR ABOVE MODELS 
25/28 VOLTS £2.95. 

TAPE HEADS % track, Record Marriott XRPS36 
£5. XES11 erase £1.25, XRPS 18 £3.60, 
MULLARD TUNER MODULES with data 
LP1171 combined AM/FM IF strip — £3.50. 

* LP1179 FM front end with AM tuning gang 
used with LP1171 ~ £3.60. * LP1171 and 79 
pair ~ £6.75, * LP1157 complete AM strip — 
£2.05. * Ferrite Aerial — 95p, 

SEVEN DIGIT MINIATURE COUNTER by 
Durant 12-24 volts 0.C, 3 Watts, Size 40 x 25HX 
55L mm £1 each. 10 for £9. 100 for £80, 


10 for £3.50, 100 for £30. 
SMITHS INDUSTRIES Audible warning devices 
6-12 volts, 2 transistors 30 x 10mm encapsulated 
0p eo. 10 for £4. 100 for £30. 

HONEYWELL PROXIMITY DETECTOR integral 
amplifier 8v DC £2.50 ea. 10 for £20, 100 

for £175. 

OSMOR CHANGE OVER REED RELAY 12v 

coil 20m/a operating current, 69 x 17 x 13mm, 
76p va. 10 for £5, 100 for £45. 1000 for £350. 
MAINS TRANSFORMERS (miniature) all with 
240v primary, per por 
12 volt 100 m/amp ea. 10100 
60x 40 x 42mm %5p £8 £60 
12-0-12v 100 m/amp 
28 x 25 x 27mm 
Valve output 40.1 
61x 15 x 42mm 75p £6 
EL84 output 80x50x34mm95p £8 
SOLDER (multicore type) by Servicol 
10 motees for £1. 50 metros for £4, 
SPEAKERS (miniature) 


£1.20 £10 £80 
£60 


£65 


per 
ea, 10 
75p = £6 


per 
100 
£60 
£50 
£40 


2% Bohms 
2% 8 ohms 7p £6 
2% 40 ohms 75p £5 
CLOCKING OSCILLATOR (Pye Dynamics) 
thick film ImHz supply 6v 19 x 25 x 6mm B5p 


10 for £7. 
T.V. TUNERS by G.E.C. U.H.F. 38 mes size 
3% x 2% x 1% £2.60 09. 10 for £20, 100 for £175, 


INDUSTRIAL, 

RELAYS. 

by ILM.0.-OMRON 

At less than distributor prices 

60 43 24v DC 

2-Pole Open 

60 13 48v AC 

Octal Plug in type enclosed 
£1.20 £10.00 


Price per 
each = 10 


per 
100+ 


£1.10 £9.00 £85.00 


£90.00 

60 02 12V Ac 

2-Pole C. Over Octal 

Enclosed type 85p £7.50 £65.00 
All relays are 250v 6 Amp AC Current Rating 


FREE 


TRANSISTOR, 


‘on 1,000 Lots CATA LOGUE. 


EXPORT ORDERS. SEND STAMPED 
‘Add 10% for (2%p U.K.) 
ADDRESSED ENVELOPE 
(rnin 9%" x 6%") 
FOR YOUR COPY NOW 


2N3055A 
TO3 POWER 
80 VOLT 
VERSION 
10 for £2.50 
100 for £22.00 
1,000 for £200.00 


Carriage £2.00 
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POLYESTER RADIAL 


CONTROL KNOBS 
K6 25 x 12MM 
Screw fixing 26 e 
with Skirt 0-10 .37 
K8 26 x 16MM 
Screw 

Push-on 


REDUCED .047 
100V 10% .068 
0022 03.1 
10047 03.22 
01.0347 
.022 .035 68 
ELECTROLYTICS 
AXIAL 

100V 


47 
63V 
63V 
47 63V 
40v 
4 10 25V 
. 10 63V 
10 100V 
10V 
25V 
100V 
16V 
25V 
63V 
25V 
63V 
6.3V 
25V 
16V 
16V 
25V 
25V 
40v 
26V 


24 
16 


K9 19 x 20MM 1 
with colour caps 
and line 

Screw 

Push-on 


2.2 


CERAMIC 
CAPACITORS 


63 10pf — 1000p — 
.04 each, 

2200pt 

3300pf 

4700pf 

10,000pf 

.047 50V 

:130V 


ROTARY SWITCHES 
Lorlin +40 

1 pole 12 way 2 pole 6 way 
3 pole 4 way 4 pole 3 way 


For new products CMOS etc, Send 


035 
1035 
1045 
104 

085 
085 


geseegeaeaees 


for list. Min order £2 


CWO VAT inc, 


TANTALUM BEAD 
35V 
35V 
35V 
35V 
35V 


10 
+10 
+10 
+10 


220 
Yaw Carbon Resistors 
Yow E12 values 5% 
1R 1Mog .01 each 
1.2M-10M 10% 

80 por 100 


GREENWAY ELECTRONIC 


62,MAYPOLE RD. 
ASHURST WOOD 


COMPONEN 


Henry's Radio 


404 Edgware Rd 7 
London W2 England EAST GRINSTEAD SX RH19 3RB Tel:Forest Row (034:282)3712 
Phone (01) 723 1008 
Trans 1+ 26+ 100+ 1+ 26+ 1+ 26+ TTL 1+ 26+ 100+| CMOS 1+ — 26+ 100+ | Voltage Regs epecitors 
Electrolytic 
8ci07 09 085.068 | MPSASG 2N9705/7/9 «19.083 07 | 7400 144.122 | 40008 «19.171 144 | 2008ec 92.95 741 | Sov 22uF 
BCIO7A/B 10.095 .075 | 20088 1.54 2N3706/8 (09 1171 “144 | Jagr 1467 [141 | 4001q_ 19 “171 Shaq | 2e12e6 ‘ba 805 “741 | dev 10vF 
BC10B 09 .085 .068 | A20108 1,27 2N3820 69 626.443 | 74010 182 ,154 | 4011/12A 19.171 (4144 | 2905SP 82 685 .741 47uF 
BCIoBA/a/C “10 095 .075 | TiP29 33 2N3825 88-594 601 | 7403 1167 ‘141 | 40138 £45 ‘399 [336 | 7amiscKo ‘62 (367 1465 | 1000 
BC109 5 x TIP290 “ 2N3903 109.081 .069 | F404 A014A 95 855 72 78M24CKD .62 367 .465 1000uF 
BC109B/C THP298 ANGUS, 18-6144 118-1 7408 40174 1.03931 (784 | 20MISCKO (58 408 .516 | ¢., 
BCI47A/B Tie29¢ 2N3906 17.148 4128 | 7406 40188 1.18 1.06 (896 | 79M23CKD 68 .408 516 §8V,1,5.6.8 
BC149 TIP30 2N4036, +32 285.24 | j409 4021/22A 1.03 2.2,3.3,4.7 12.106 ,089 
Bcte7/8/0 TIP30A 2N4037 28 1262 ‘221 | 7408 dooae ho JOuF,15uF 12107 .09 
BCI69C THP30B 2N4058 610,091 .077 | 9444 Thyristors 22uF 14121 102 
801728 TIP31B 2N4059 109 1077 .066 | 442 Cinear i 47uF 7.147 124 
861778 Tipaic 2406011 1093-078 | 74120, TICIO6A 37 
Bola. TIP32, 2naos) «10 “091077 | Jaya A318 = gz .a24 695] Teioon ae, Goramiie TOOw 
Belay T1P328 2N4062 111 [098 083 | 7445 CA304G ©8778 688] TiclieD ‘So 
ac213/8 71326 2na128 (10 ‘087 074 | Jang CA3048_ 2/90 2163 2216] Ticinen “3S 1:8-47F 048.043 .036 
ac2a7 T1336 2nai2a at (273 123" | 2434 CA3080E 5 i 68-829F {06 1055 046 
BORIBIA/B T1P34 2N4125 1 {095 ‘oa | Jaa) CA3130€ 120-680pF ‘oes 1074 .062 
BCa38e TIP34A, 2N4126 +30 [267 '226 | 7425 CA3130T Trees 
8c328 Tipa4s 2n4238 131 (999 lag) | 7438 casiaoe Motatid 
8337 st 2N4239, ‘tos | 34) Ca 1120 1.08 912 38a .466 | Film 260V 
a Hk ae 10 shaun 123 ues A ene 
8C516/7 Tie368, ane i72 74378 Mec acre) TIC236A 82.621 737 |.01,.015.022, 075 
Besiv/Are TIPAIA 25245 7480 LMgorAN 83 Ticios “84-66 754 |.095.087,.058 08 
besa Tipaie 2N5206 ae twas 1156 Meee St iesorioi lit X 
Bcs49 TIPAIG 2N5458. qaas. M324 160 i 
C556 TIPAQA 2N6460 ota imag 55 
8C557/A/8 Tie42B 3N201 jaag MCi310P 1158 Bridge Rect. 
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LOTS OF COMPONENTS AND KITS p) ELEKTOR kiTS 
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e HuTcHinson 
yu AL INFORMATION 
oR By LETTER ABour 
BOERS PROGRAM 


igahertz counter CPL (9887) 
£ 104.50 


Time base contro! (9887-1) £ 48.90 
. Low frequentie input amp 

NOBBID) . sa oo Mees £ 

Counter and display (S887-2)- 


92 @> 


D. High frequentie input amp 
EDIE 


MCL3¥0P 


(9923)... . 0.00 Sa | 
T.V. sound modulator (9925) £ 6.30 
Mini counter (9927) ......£ 2 


Mini short wave receiver (9920)£ 9.05 
Digital reverberation main board 
(9913-1)... 
Digitale reverberation exten: 
board (9913-2)... .. 
Percolator switch (9902) 
Colour modulator (9873) 
Moving coil preamp (9911) 
Elektornado (without heatsinks) 

(9874)... ween ee -. £ 20.— 
Colour T.V. games board (9892), 


TAAIOD 
TeA28O 


Tae) JS2580PC Gee 

ain ata tavuo 

taste ae ‘an Be 

Unions ‘ nate 

“nant pane 0.88 

.. £ 18.50 

Elektor equaliser (9832), ... £ 23.— 
UAA 180 LED meter 

UL (OBIT TAQ viene cane £ 12.10 

DUT6dsT df é Rs Simple function generator 

UistaToon NEW ORDERING DETAILS: (9463) iia vate é 27.75 


ORDERING BY LETTER OR By PHONE To: | serra ing) ° 


Pmmameamm © 
x 
S 
a 
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M.W. reflex receiver (9880) 7.55 
Miké Hutchinson Heating controller (9877) : 

ee Analogue freq, meter (9869) | £ 10.18 

anak 2 dynw RoAD Eloktret mike preamp (9866). £ 5.10 
GRIMSTON UHF T.V, modulator (9864) 3.70 


KINGS LUNN, NoRFoL PE 321 AD| Sanvortor electrometer 


4 NBB2EAIN Gi.» nthe nds £ 5.80 
TELEPHONE: HILLING TON (OYOSE)SES| Eloktromerer 9676:1) «£6.80 
PAYMENT ! CASH, CHEQUE AND PosrAL (98284) cnn & 12.86 


face ( ay .! ORDER WiTH ORDER e' ADD So p Video bio alpha amplifier 
seen tee receiver (0721-2) FOR POsT AND PACKING. OveRsens| (FEA 00-8. 128s 
Power SUPE fe : { ORDERS PLEASE To Infra red transmitter (9822) £23.05 
6B troael OPI) Ba Oe HoteanD. C566 BELOW) | FFA'mane ntorcom (9969). £ 37-00 


3% Digit DVM (77109)... 
i 77101) 
T.V, games with AT-3-8500 
(77084)... 
Guitar preamp (770; 
Precision time base (9448) 
Power supply for prec. time base 
(O468:11). ces aaee £ 5.60 


MicRoPROCESSOR 
SC/MP. kIT 


@ RAM 1/0 (9846-1) 
© SC/MP board (9846-2) 
© CPU card (9851)* 
© BUS board (9857) 
Memory card (9863)* 
@ HEX 1/0 (9893)* 
@4-k RAM (9885)* 
@ Power supply (9906)* 
© Cass. interface (9905)* 
@3 Elbug programmed EPROM: 
© Cpl. system (consists of kits with oF 
£ 


PPM pMmmamMm 
y 
Po 
a 
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TAY ‘ 

¢ Front panels cpl Kaairems| 

3 okt, Keyboard wit! 
Acontacts » 

; with keyboard, all pease 

Sus: inkl ax VCO erga 

d front panels - ° 


Cpl. set 
moduls ( 
ADSRA), an! 


WHEN You Buy A % GiahHerz 

COUNTER CELEKTOR 9882) YoU GET 
FREE A Nice CASE WITH 

FRONT PANEL I 


BuilT YOUR OWN kiT 


Aa de boer 
y elektronika , 


Kleine Berg 39-41 Eindhoven. 
Nederland, tel. 040-448229. 
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Electronic Components Specialists 


325, DUTOIT STREET, P.O. BOX 2749, PRETORIA, 


0001 TRANSVAAL. REPUBLIC OF SOUTH AFRICA 
ress “TRI =AP- 
am HN 
int i s : hs | 
ey ; Nt 


Stockists of 


Heathkit — Siemens — 
Monsanto — 
Texas, — Interface — 
Linear — MOS — Signetics — 
Fairchild 
PRODUCTS 


40P1312 


Crystals & i 
Sockets 
Piezo Electric 
Ceramics 


ELEKTOR 


MAGAZINES 
BINDERS 


PRINTED CIRCUIT 
BOARDS 


Diodes 


Tantalum 
Polyester 


Electronic books, 
Projects, data etc. 


Electrolytic 
Co-axial & 
P.C. Mount 


LED'S 
ae ie 


Vol. Regs., 

/| Lin. Amps, 
Wp) jf  Digitals, Nor, 
lo Latching etc. 
etc. 


Ag" il 


SCRS... Tee as 
Quaracs ... Variacs... 
Transformers 


CYL)» 
—D YO 
YK % 


Sole South African distributors for ELEKTOR 
Trade Enquiries Welcome 


advertisement 


XCLUSIVE TO HENRY’S 
es oA in sh FANTASTIC PRICES! 
AS USED IN erfun 


QUALITY ITEMS DI 
Compare performance and uses CLOCKS 
specification with units 
costing 3 times as much! 


Assomble =f “arr Mader 


it in an evening! etying, 


a 1 
MECHANISM onLY | MECHANISM & CASE COMPLETE UNED 


Inc.assembly instructions £ 7 9 
£5.00\/£699'2/29 


THREE FOR £13.50 THREE FOR £20 


Send cheque, P.0./ M.O. for the correct AVAILABLE ONLY FROM 
artount which includes VAT and P&P 
7 


‘or pay by Access/Barclaycard, Send 
name/card number (if applicable) and 
address to: 


HENRY’S RADIO 
404 EDGWARE ROAD, 


LONDON W2 1ED ENGLAND] \ DELIVERY, 


| FROM STOCK 


PRECISION POLYCARBONATE CAPACITORS 


All high stability-extremely low leakage 


440V AC RANGE (+-10%) 63V DC RANGE (£ each) 
uF Limm) 0 acl uF (Tol: 41% 


0.1 
0.22 
0.25 

47 


(Additional values and closer tolerances available on request) 


TRANSISTORS, DIODES, 1.’ 
Bridge Rectifiers, Capacitors, Fuses, Plugs & Sockets, Vero — a complete range is carried, 


please send for our FREE detailed prices lists. 


RESISTORS: High stability, low noise, carbon film +-5% tol: 4W @ 40°C= 1/3W @ 70°C. E | 
12 series only ~ from 2.2 ohm to 4.7M, All 2p" each: 15p*/10 of any one value: 95p"/100 of 
any one value: £4.35°/500 (may be mixed in 100's): £8°/1000 (may be mixed in.100's) 
SPECIAL DEVELOPMENT PACK:10 off each value 2.2 ohm to 2.2M (730 resistors) ~ £6.50* 
each, 

IW c/f + 5% 2.2R — 10M @ Sp*; 2W + 5% 2.2R — 10M @ Bp* 


PRESETS: 0.1W submin. skeleton presets — vertical or horizontal. 100 ohm to 1M. 7p* 
tach: £3°/50: £5°/100: £22,50°/500 £40°/1000. Values may be mixed. 


ZENER DIODES: ibe 10+ 50+ 
400mW +-5% 3V—33V 10p. o%p 9p values may be mixed 
1W 3V3—-200V 18p 17% 16%p 

BRIDGE RECTIFIERS 

r 1UF/35V @10p* | 15a S0V 28P 3A GOOV 
115/96, 2.2/28, @ Vip" 184 GOV 30p £00 
2.2/35 @ 12p* 39p 

4.7/35 @ 15p* 52p 

6.8/35 @ 17p" 66p 

10/35 @ 21p 79p 

15/20, 22/18 33/10, 47/6.3 @ 21p" 70p 

68/3 © 17p*: 74p 

100/3 @ 21p*. 79p 

(deduct 1p each for qty of 10+ ~ values may be mixed) 91p 


TANTALUM BEAD. CAPACITORS: 


DUE TO THE PROHIBITIVE COSTS OF ADVERTISING AND OUR DESIRE TO KEEP 
PRICES LOW, WE ARE ONLY ABLE TO LIST HERE A FEW OF OUR STOCK ITEMS. 
FOR FREE, RETURN OF MAIL LISTS PLEASE SEND S.A.E. AND ADVISE IF YOU WISH 
TO BE INCLUDED ON OUR REGULAR MAILING LISTS’ 


Please add 25p P & P on all orders. Export add cost of air/sea mail. Add 8% vat to all items 
except those marked * which are 12%%. Wholesale price lists available to bona fide companies. 
Shop open Mon — Fri. 9.a.m.— 5 p.m. 


(Dept E12) The Old School, Edstaston, WE! 
Tel: WHIXALL 464 (STD: 0948-72) (Props: Minicost Trading Ltd) 


Our new 1978 catalogue lists circuit board access- 
ories for all your projects — DIP sockets, pins 
standoffs, cable clips, hand tools. And we've got 
circuit boards, module systems, cases and boxes— 
everything you need to give your equipment the 
quality you demand. Send 25p to cover post and 
packing, and the catalogue’s yours. 


VERO ELECTRONICS LTD. RETAIL DEPT. 
Industrial Estate, Chandlers Ford, Hants. SOS 3ZR 
Telephone Chandlers Ford (04215) 2956 


Eagle Mail Order 
10 Eagle St 
Ipswich 

Tel 0473-58075 


VAT 


OUR PRICES INCLUDE 
& POST UK Orders only. (Minimum order £1.00) 
What you see is what you pay! 


MOS quad decade counter 16 pin DIL. 
with data... 

ICL 7106 DPM | i 
LCD display to match above 
2N3739 NPN 300 V 2 A 20 W 
power transistor TO 66 can . 
WA 273 regulator 10 pin can 
BCY 34 . 

0c 35 

1N4007 . 

741 8 pin DIL 

CEA, 


TUP — 5p, TUN ~ 4p, DUS — 1%p. 


6800 MICROS 


6800 CPA .......... £8.00 
6810 RAM . +. £4.00 
6820 PIA .. +» £4.50 
6850 ACIA . tae. £4.00 
6852 SSDA £5.00 


KITS! KITS! KITS! 


Kits for ELEKTOR Summer 
Circuits send for leaflet and 
price details. 


Many bargains for callers 


CIAL OFFERS Bua 


14p 
5p 
15p 
42p 
36 p 
15p 
15p 
37p 
70p 
37p 
63p 


Summer '78 catalogue new 
available FREE. Thousands of 
bargain items. 


Resistors contens 120 approx . . 
Capacitors contents 120 approx 
Transistors new branded 

25 approx 

Diodes new branded 50 approx . 


We supply all 

RS items at 

competitive prices, 

Write or phone your needs, 


FREE data sheet with every 
order. 
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Stand no's Al0, All, Al2. 


Breadboard 1978, the first show of its kind in the U.K. promises to be a great success. 
A complete market place for the enthusiast from components to kits and when it comes 
to the printed word — ELEKTOR magazine will be there in strength. 


The official Broadboard competition has been organised by Elektor in conjunction 
with the show organisers. Over £1000 worth of prizes to be won — from a choice of 
new beginners kits to a complete SC/MP microprocessor as recently published in 
Elektor. These are just a few of the many kits contributed by leading retailers at the 
show for the competition. How do you enter? That's simple! Just collect your entry 
card from our stand numbers A10, 11 and 12 when you arrive at the show. The answer 
you will all be looking for is in the Elektor ‘Mini’ edition given FREE in every show 
catalogue. 


The Elektor ‘Mini’s’ big brother — Elektor Magazine will of course be available at our 
stand together with back issues, selected PCB’S, Elektor Books, binders etc. 


Our editorial staff will be demostrating many projects published in Elektor and extend 
a warm welcome to our readers who visit the show. We hope to see you there! 
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ENTRANCE 


Seymour Hall SeymourPlace LondonW1 


21-25 November 1978 


0 a.m. — 7 p.m. daily. 
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Major development in telephone 
engineering 

A fivefold increase in the capacity of 
existing telephone lines might be 
possible within five years as a result of a 
new speech processing system being 
developed in Britain. 

The UK Ministry of Defence says a top 
military communications expert and a 
team from the University of Bath’s 
School of Electronic Engineering in 
Western England has solved a speech 
transmission problem that has baffled 
scientists for years. 

The result, it is claimed, is a system that 
transmits speech by wire or radio with 
greater clarity and efficiency than at 
present. It will be marketed, it is hoped, 
at less than a tenth of the cost of 
existing systems. 

Patent applications have already been 
filed and experts are now predicting 
that worldwide commercial sales could 
be worth millions of pounds sterling. 

It is not only the world’s telephone 
systems that stand to gain from the 
development. Others who could benefit, 
in the long-term, include deep sea divers 
and the partially deaf. In the case of 
divers the system could improve the 
quality of helium-affected speech, while 
hearing aids could be made more 
efficient. 


Terminal smaller than shoebox 

The Ministry of Defence says details of 
how the new system works are 
classified. But it is known that it 
reduces speech patterns with the aid of 
computers to a small number of basic 
‘shapes.’ It is possible to break down 
and reconstruct combinations of these 
shapes like jigsaw puzzles. 

The system’s terminal will be smaller 
than a shoebox. 

The military communications expert 
involved, Brigadier Reg King, did some 
research into speech processing eight 
years ago but it was not until he joined 
forces last year with Professor 

William Gosling, head of Bath Universi- 
ty’s School of Electronic Engineering, 
that major progress was made. 
Brigadier King said: ‘In the end, the 
answer was so simple that I had trouble 
in convincing myself that it really 
worked. I had the system checked ona 
second computer in case we had 
overlooked some vital detail, but it 
came up with the same result’, 
Professor Gosling commented: ‘There is 
no doubt whatsoever that this 
represents a revolutionary concept in 
communications engineering. The 
mathematicians have always said that it 
‘could not be done. I think it was mainly 
Brigadier King’s ability to tackle the 
problem obliquely and his dogged 


(Sa RR BE AT TN PE LEE EEO 


elektor december 1978 — 12-01 


military persistence in refusing to accept 
defeat that enabled him to solve the 
seemingly insoluble’. 

A prototype of the system now being 
built should be ready for evaluation in 
some 18 months time. It is said that a 
fully engineered version could be in 
general use within the next five years. 


(361 S) 


New Finds 


A new smaller-diameter version of the 
Ferranti inertial directional surveyor 
(FINDS), known as the Model 1063, has 
been developed. The outside diameter 
of the new tool is 105/s inches 

(270 mm) which will enable it to be 
used to survey 134s inches casings 
down to depths of 8,000 ft. 
Preliminary trials have indicated that 
the FINDS 1063 tool can produce 
survey measurements to an accuracy of 
6 inches in all three channels (North, 
East and vertical) at the maximum 
depth at which it has been used to date 
— 4,800 ft. The trials have been 
conducted in association with Shell 
Expro in the Brent and Duniin fields. 
The first experimental surveyor 
designed by Ferranti had a diameter of 
17% inches and was used down to 
depths of 1,500 ft. very successfully. 
The significantly smaller diameter of the 
new 1063 tool has been achieved by 
repackaging the inertial sensor assembly 
and its associated electronic units. This 
will enable oil and gas wells to be 
surveyed very accurately over a signifi- 
cant proportion of their total depth. 


FINDS - principle of operation 
FINDS is an adaptation of an inertial 


sensing unit designed for the precise 
navigation of aircraft. The unit has been 
proven in service over many years and is 
exceedingly robust. 

The inertial sensing unit comprises a 
gyroscopically stabilised platform which 
is maintained within one minute of arc 
of a fixed attitude in space regardless of 
changes in the orientation of the vehicle 
in which it is being carried. Three 
precision accelerometers are mounted 
on the stabilised platform with their 
axes aligned mutually at right angles to 
one another. One axis is automatically 
gyro-compassed to face north. The 
accelerometers detect accelerations 
along all three axes and the output 
signals are integrated twice to derive 
displacements from the known starting 
datum. These functions are carried out 
whilst the tool is in motion and the 
derived co-ordinates recorded in a semi- 
conductor store every 0.1 second. 

On recovery of the tool these results are 
transferred to a computer store for 
immediate analysis, the results being 
produced at specified depth intervals 
and presented in a chosen format. 
Battery powered, the entire system is 
self-contained and can operate for 
several hours independently of external 
services, Survey runs, however, are of 
short duration since the tool can be 
lowered at the maximum wireline (or 
sandline) speed and has been tested in 
free-fall conditions at 1,500 ft/min. It 
need only be stopped for ten second 
fixes every one to two minutes and this 
transit interval can be increased, if 
required, at the expense of accuracy, 
Ferranti Offshore Systems Ltd. 
Ferry Road 

Edinburgh 
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Telephone with telescribble 


People will soon be able to speak and 
write to each other via the telephone at 
the same time. Philips Telecommunicatie 
Nederland has developed a system, 
called the Scribofoon, comprising an 
electronic note pad and a visual display 
unit, which can be used to transmit 
graphic information via telephone lines. 
The system can be used either by two 
people, by several people if they are 
taking part in a telephone conference, 
and in mobilophone communications, 
A number of pilot projects will be set 
up in the Netherlands next year (1979) 
to evaluate the system. 

Once the Scribofoon has become widely 
accepted, its cost is expected to be 
about the same as that of a colour 
television set. Before that, however, it 
will cost more because of the small 
series which will be made. 


Philips Telecommunicatie Nederland 
based the Scribofoon’s development on 
research done at Delft University of 
Technology where the staff of the 
Information Transmission Laboratory 
developed a method of transmitting 
pictures via radio, The work done by 
Philips Telecommunicatie Nederland, in 
co-operation with the Dutch Post 
Office’s Dr. Neher Laboratory, aimed at 
applying this method to achieve two- 
way picture transmission via telephone 
lines and at developing the equipment. 
A very small part of the telephone 
frequency band, the conversation band, 
is reserved for transmitting the pictures 
without any unfavourable influence on 
the telephone conversation. This means | 
that picture and speech can be trans- 
mitted simultaneously so that one can 
talk and write via the telephone at the 
same time. Thus, a telephone conver- 
sation can be clarified with drawings, 


sketches and maps for example. When 
one person is writing, the other cannot 
do so because the facility is blocked. 
The Scribofoon consists of a screen and 
a writing pad. This pad contains printed 
wiring: vertical wires on top of a plastic 
layer and horizontal wires underneath 
it. An electric pulse scans this network 
of wires. When a pen touches the paper 
covering the pad it acts as an antenna 
and signals the moment when the 
rapidly scanning pulse is maximal, in 
other words nearest to the pen. The 
system then knows the pen’s position 
because the time-lag between the start 
of the pulse and it being seen by the pen 
is specific for a certain position on the 
pad. These positions are then trans- 
mitted via the telephone line and made 
visible on the other subscriber’s screen, 
This transmission is made at normal 
writing speed, 

When a group of people are using the 
system, the graphic information appears 
on everyone’s screen at the same time. 
Members of the group can propose 
additions or corrections because an 
erase facility is a feature of the 
Scribofoon. The pen can also be used to 
point out a detail of the picture without 
this mark being incorporated into the 
picture. Both the telephone drawing and 
the spoken conversation can be 
recorded on a normal cassette recorder 
for later reproduction. In the 
Scribofoon’s application with 
mobilophones, bodies such as the police 
and fire brigade could use the system 
for quickly transmitting a situation 
sketch, for example. 

International interest has already been 
shown in the system, also for its possible 
uses in education. A pre-recorded, 
language-teaching cassette could be used 
to pass on spoken and written 
information, Another possible use is the 


transmission of cartoons. Pre-recorded 
audio cassettes could contain the story 
on one track and the pictures on the 
other. ‘ 

Philips Telecommunicatie Nederland’s 
experimental equipment included 
oscilloscopes for presenting the pictures, 
However, television screens are used in 
the current version. In addition, 
integrated circuits will be applied in 
future so that the quipment will then be 
smaller and cheaper, The main cost 
factor is the filter in the central unit 
which goes next to the telephone. 


Philips Telecommunicatie, Netherlands, 
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On the trail of interference 
The Automobile Equipment Group 1 of 
Robert Bosch GmbH has recently 
acquired a new weapon with which to 
hunt down annoying sources of radio 
interference. A computer-controlled 
VHF - UHF test assembly supplied by 
Rohde & Schwarz will be used for 
investigating interference suppression in 
cars, car parts of the company’s own 
production — such as ignition systems, 
electric motors and generators —, film 
cameras marketed under the Bauer label 
and emergency generator units. 
The main component of the test 
assembly, the VHF - UHF Test Receiver 
ESU 2, measures over the frequency 
range of 25 to 1000 MHz in compliance 
with the VDE guidelines 0875 to 0877 
and 0879, the CISPR Publications 2, 4 
and 12 to 14, and European Community 
directives. The Basic-programmable 
desktop computer 4051 from Tektronix 
presents the test results in graphic and 
tabular form on its large storage screen. 
Programmed evaluation of the results by 
the computer is also provided, as is 
permanent documentation on the 
Hard Copy Unit 4631. 
This automated test assembly can be 
used for measurements on useful radio 
signals as well as on interference, and is 
suitable for operation in the field, in the 
laboratory or in a test vehicle. The 
assembly comprises the VHF - UHF 
Test Receiver ESU 2, the Frequency 
Controller EZK and two Code 
Converters PCW from Rohde & 
Schwarz, the Graphic Computing 
System 4051 and Hard Copy Unit 4631 
from Tektronix, a digital voltmeter and 
a frequency counter. 
For frequencies from 25 to 1000 MHz 
the receiver has a voltage measurement 
range of —10 to +120 dB (yV) and can 
measure two-port transfer constants 
from —90 to +40 dB. 

(379 S) 
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Using heat to cool the Sahara 

A small communications station in the 
north African desert is constantly 
heated up by the dissipation of its radio 
relay amplifiers. And yet even in the 
extreme midday heat the temperature 
inside the insulated shelter is about ten 
degrees below that outside, The cooling 
effect is produced without pumps and 
fans, entirely without the use of energy, 
by means of an ingenious ‘rectifier’ 
system of air and water cycles devised 


in the Siemens development laboratories, 


Working roughly on the principle of 
gravity-circulation hot-water heating, 
the system extracts heat from the 
interior during the day, stores it in a 
water tank and discharges it to the 
environment during the night. In this 
way the system acts as a ‘refrigerator’ 
during the day. 

The cooling system was developed in an 
effort to protect communications 
equipment in extreme climates from 
excessively high temperatures, without 
additional energy having to be supplied 
for this purpose, The shelter (1.3 m® 
volume), equipped with heating 
elements (150 W), fulfilled all expec- 
tations the very first time it was tested 
in the climatic chamber. The equally 
good results obtained in the test under 
extreme outdoor conditions encouraged 
Siemens to extend the tests to larger 
shelters with a volume of about 20 m®, 
The unpowered cooling system is based 
on the differences in density and weight 


Principlo of the cooling systom 


1 Inner water cyclo 1 Downpipe to A 
I Outer water cycle 2 Ascending pipe from A 


A Heat exchanger, inside 3 Downpipe from B 


3 ; 
B Heat exchanger, outside cena Bea B 


of liquids caused by different 
temperatures. It consists of three cycles. 
The warm air rising from the equipment 
in the shelter is first guided by a baffle 
to heat excharger A where.it cools and 
consequently flows downwards again to 
the equipment. The second cycle is 
formed by the water in exchanger A. It 
heats up, expands and, as a result of 

its lower specific weight, passes through 
an ascending pipe to a central tank 
inside the shelter, while a downpipe 
with cooler water feeds exchanger A. 


Heat exchanger B, which litiks the tank 
with the exterior, is warmer during the 
day, so that no cycle is created. At 
night, however, as soon as the outside 
temperature drops below the 
temperature of the tank, the third and 
most important cycle is started up: the 
water from exchanger B cools the 
contents of the tank — via an ascending 
pipe and a downpipe again — until the 
densities have become equal or until 
the ambient temperature rises above 
that of the tank again, The reservoir 
cooled in this way is then used for fully 
automatic cooling of the interior during 
the day. 

Siemens AG, Miinchen, W-Germany. 
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‘Charged’ cars are no danger 


You occasionally see them: cars dragging 
a ‘tail’ of metal braiding and hard rubber 
behind them, intended to discharge the 
static charge of the vehicle. The idea 
comes from the big tanker trucks, which 


always drag along a metal chain touching 
the ground. But does this ‘discharge 
band’ really serve any useful purpose? 
Engineers at the Siemens high-voltage 
laboratory in Berlin investigated to what 
extent cars are charged while being 
driven. Friction between the wheels and 
the road surface is the main cause for 
the electrical charge. The rubber-tired 
vehicle is electrically insulated as it rolls 
on the roadway; it is — from a physical 
point of view — a capacitor with a 
capacitance of about 100 pF. When the 
weather is dry and the insulation 
resistance of the tires is thus sufficiently 
high the ‘autocapacitor’ will be charged 
to approximately 10,000 V. The energy 
stored equals about 0.005 Ws. This 
amount of energy is so small that it can 
be discharged via the human body 
without causing any harm whatsoever. 
If a ‘charged’ car is touched with the 
hand, the energy will almost completely 
discharge in about a microsesond. In a 
darkened room this discharge could be 
perceived as very thin blue sparks, but 
in daylight or with street lighting it 
remains invisible. The whole effect is 
thus similar to the static charge 
experienced when one walks on 
synthetic carpets: it is a nuisance, but 
completely harmless. 


The electrical voltage between the car 
body and the road surface can always be 
measured in terms of tens of thousands 
of volts even at high speeds since 
pointed or sharp-edged parts of the car 
body provide for local discharging and 
prevent higher voltages from being 
attained. 


It is questionable whether conductive 
bands can prevent cars from becoming 
charged. The vehicle can only be 
charged when both the road and tires 
are dry — in the rain a good electrical 
discharge is always available. A dry road 
surface acts as a high electrical 
resistance, making it difficult to bring 
the charge from the car to the ground. 
For the owner of a passenger car there is 
really only one piece of advice: since it 
is impossible to protect oneself against 
spark discharges resulting from static 
charging it is better to accept them 
without a fuss. If one is prepared for the 
tingling sensation it is easier to take, 
People are not endangered by the charge 
on a car — regardless of whether or not 
one attaches a ‘lightning conductor’ to 
the car or not. 


‘Siemens engineers once again advise 


motorists caught in a thunderstorm to 
drive to the nearest parking space and 
remain in the car. Since the vehicle is a 
closed Faraday cage passengers are best 
protected against lightning inside the 
car. 


Siemens AG, Miinchen, W-Germany. 
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audio amplifiers 


Although the concept of the 
pulse-width modulated or 
‘Class-D’ audio amplifier has been 
known since the late nineteen- 
forties, there has been little 
practical exploitation of the 
technique apart from a few 
short-lived designs by Sinclair 
and Mullard in the nineteen- 
sixties. 

However, recent advances in 
semiconductor technology, power 
FETs in particular, have made the 
class-D amplifier a more feasible 
proposition, and the PWM concept 
has been resurrected by some 
Japanese hi-fi firms. 

This article takes a look at the 
principles of class-D amplifiers 
and examines the circuit of a 
commercial design. 


The problem with conventional audio 
amplifiers, particularly when called 
upon to deliver large amounts of power, 
is that they are inefficient, This is a 
direct consequence of the fact that they 
operate in a linear fashion, ie. the 
output voltage at any instant is equal to 
the input voltage multiplied by a 
constant — the voltage gain of the 
amplifier. Since the output voltage of an 
amplifier must be derived from the 
supply voltage via the output transis- 
tor(s) it follows that the difference 
between the output voltage and the 
supply voltage must be dropped across 
one of the output transistors, resulting 
in wasteful dissipation of energy as heat 
in the output transistors, 

The output transistors in a linear 
amplifier can be likened to variable 
resistors whose resistance is adjusted by 
the input voltage so that the voltage 
developed across the amplifier load is 
always equal to the input voltage 
multiplied by the voltage gain of the 
amplifier. To take a simple example, 
suppose an amplifier is delivering a 
voltage equal to half supply into a load, 
R. The effective resistance of the output 
transistor is thus also R, and the same 
power is dissipated in both the load 
and the output transistor, representing 
an efficiency of only 50%. 

The highest efficiency that a conven- 
tional class-B amplifier can hope to 
achieve is obtained when the peak 
output voltage (neglecting losses due to 


Table 1. 


PWM audio amplifiers 


transistor saturation voltages) is equal 
to supply voltage, ie. no voltage is 
dropped across the output transistors on 
signal peaks. For a sinewave input 
signal the efficiency achieved at this 
level is around 70%. Of course, in a 
practical situation with a music input 
the amplifier rarely achieves full output 
and the average efficiency is much 
lower, 

Clearly the efficiency of a conventional 
amplifier is limited because the output 
transistors are used as ‘rheostats’ to 
regulate the voltage developed across 
the load, The only way that this can be 
avoided is to operate the output transis- 
tors as switches. This means that a 
transistor would either be turned hard 
on, passing current but with very little 
voltage developed across it, or cut off, 
in which case it would have full supply 
voltage across it but would be passing 
little current. In either case very little 
power is dissipated in a transistor. 

How can simple on-off switching of 
transistors be translated into a continu- 
ously variable analogue waveform? 
Consider the circuit of figure 1, in 
which the output transistors are rep- 
resented as switches, If the switches 
are opened and closed alternately, 
then the output will be connected 
alternately to positive and negative 
supply. If each switch is closed for an 
equal length of time then the average 
output voltage will be zero, since the 
output spends the same amount of 


Specifications of the TA-N88 


Output power: 

(both channels driven 
simultaneously) 
Damping factor: 
Harmonic distortion: 
IM distortion: 

(60 Hz/7 kHz; 4:1) 
Frequency response: 
Signal-to-noise ratio: 
Input sensitivity: 


Loudspeaker impedance: 


Total consumption 
under full load: 


2x 160W 


20 (8 2,1 kHz) 
<0.5% at <2 x 160W 
<0.1% at <2 x 160W 


5 ...40,000 Hz + 0.5 dB 
> 110 dB (inputs shorted) 
1.4 V RMS into 50 k 
8...162 

550 W (total efficiency 
over 58%) 


PWM audio amplifiers 


duty oyclo 60% 
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Figure 1. Block diagram of a pulse width 
modulated amplifier, the basic constituents of 
which are: the analogue input signal, a sym- 
metrical squarewave, a pulse width modulator, 
a switched output stage and a passive lowpass 
filter. 


Figure 2. This figure illustrates how the duty- 
cycle of the squarewave pulse train is varied in 
accordance with the amplitude of the ana- 
logue input signal. The diagram should be 
‘read’ from top to bottom, one line at a time. 
The conversion from amplitude to time (i.e. 
duration of the pulse) can be clearly seen. 


does at the negative potential. 

If the upper switch is closed for a 
longer time than the lower switch, i.e. 
the duty-cycle is greater than 50% then 
the average output voltage will no 
longer be zero but will be positive. 
Conversely, if the duty-cycle is less than 
50% then the average output voltage 
will be negative. Since one output 
transistor is always turned hard on and 
the other is turned off, there is little 
power dissipated in the output 
transistors. 

These are the essential principles of a 
PWM amplifier. The output transistors 
switch the load alternately to the 
positive and negative supply at a rate 
much greater than the highest audio 
frequency. The audio input signal is 
used to control the duty-cycle of the 
switching waveform such that the 
average output voltage is proportional 
to the audio input voltage. This prin- 
ciple is illustrated in figure 2, where 
23 consecutive cycles of the switching 
waveform are shown underneath one 
another, The duty-cycle modulation for 
a sinewave input is clearly visible, 

To retrieve the audio signal free from 
the switching waveform, all that is 
required is to interpose a lowpass filter 
between the output and the load. To 
minimise losses in the filter it must, 
of course be a passive LC filter con- 
sisting of low-loss inductors and 
capacitors. 


time at the positive potential as it [ 
2 


Class-D building blocks 

So far only two sections of a PWM 
amplifier, the switched output stage and 
the output lowpass filter, have been 
considered. The most important section 
of a PWM amplifier is the pulse-width 
modulator, which converts the audio 
input signal into a variable duty-cycle 
squarewave. This is not such a compli- 
cated procedure as it might at first 
appear, and the ‘building blocks’ of a 
pulse-width modulator are quite 
standard circuits which should be 
familiar to many readers. A more 
detailed block diagram of a PWM 
amplifier is given in figure 3. 
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The first step is to generate a square- 
wave with a 50% duty-cycle at the 
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switching frequency. This is then fed 
through an integrator to produce a 
triangular waveform of the same 
frequency. 

The triangle waveform is summed with 
the audio waveform and the resultant 
signal is fed to a zero-crossing detector, 
ie. an analogue voltage comparator 
which has one input tied to zero volts. 
If the audio signal level is zero then the 
signal fed to the comparator is simply 
the triangle waveform whose zero- 
crossing points occur precisely in the 
centre of the waveform, so the output 
of the comparator is a squarewave with 
a 50% duty-cycle. If the audio wave- 
form is going positive then the triangle 
waveform is also displaced positive so 
that it spends more time above zero 
than it does below. The duty-cycle of 
the comparator output therefore 
increases, Conversely, when the audio 
waveform is swinging negative the 
triangle waveform is displaced negative 
and the duty-cycle of the comparator 
output decreases. The output of the 
comparator is therefore a pulse train 
whose duty-cycle is proportional to the 
audio signal level. This signal is used to 
control the switched output stage. 

The distortion level of such a simple 
PWM amplifier would depend upon the 
linearity of the triangle signal and the 
accuracy of the voltage comparator, 
since the system is open-loop, i.e. has 
no negative feedback. However, it is 
not too difficult to construct linear 
integrators and accurate comparators, 
so that the open-loop distortion of a 
PWM amplifier can be quite low. By 
adding negative feedback the distortion 
can be reduced still further to ‘hi-fi? 
levels. 

The application of negative feedback 
involves taking the output signal of the 
amplifier, inverting it and summing it 
with the input signal. Any difference 
between the two, e.g. distortion, pro- 
duces an error signal which is fed back 
into the amplifier in such a sense as to 
correct the error, 

In a PWM amplifier it might be thought 
that the feedback signal would be taken 
from the output side of the lowpass 
filter. However, this filter is optimised 
for low energy loss rather than for 
maximum rejection of the switching 
frequency, and consequently the output 
waveform is somewhat ‘spiky’, This has 
no audible effect, since the switching 
frequency is too high to be heard, and 
in any case is filtered out by the mech- 
anical inertia of the loudspeaker, How- 
ever, the output signal is not sufficiently 
clean to be used as the feedback signal. 
For this reason the feedback signal is 
picked off before the output filter and 
is fed back to the input via a precision 
inverting integrator. 

So that the feedback signal is summed 
with a similar input signal the audio 
input signal is also fed through an 
identical integrator. This arrangement is 
shown in figure 4a. It will be seen that 
three integrators are involved, one for 
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the feedback signal, one for the input 
signal, and a third to convert the square- 
wave signal into a triangle waveform. A 
more economical system is to use a 
single integrator placed after the 
summing point, as shown in figure 4b, 
If this circuit is elaborated slightly, as 
shown in figure 4c, we in fact obtain 
the block diagram of a currently avail- 
able commercial PWM amplifier — the 
TA-N88 from Sony. 


From theory to practice 

The basic circuit diagram of the TA-N88 
is shown in figure 5, The circuit shown 
does not include the power supply, 
which is also pulsed (at 20 kHz), or the 
current limiting (if excessively high 
currents appear on the +3 or —3 V 
supply lines, the input voltage at the 
junction of R102/R103 is shorted to 
ground), thermal overload and DC 
protection circuits (in the latter case 
this is simply a relay in the loudspeaker 
lead). Furthermore, the 500 kHz oscil- 
lator and buffer stage are also omitted. 
The integrator of figure 4c is formed by 
differential amplifier T102 (this is a 
dual transistor which determines the DC 
offset at the output of the amplifier) 
plus T104; both transistors are con- 
nected as a constant current source, 
The squarewave output from the oscil- 
lator is introduced via R109; C103 is 
the integrator capacitor. 

The comparator is formed by four 
differential amplifiers connected in 
cascade. Three of these are contained 
in IC101, whilst the fourth is provided 
by the dual transistor T106. The com- 
parator output is buffered by the 
complementary emitter follower 
T107/T108. 


Figure 3. Pulse diagram illustrating the oper- 
ation of the pulse width modulator. 


Figure 4. By using feedback around the 
switched output stage it is possible to reduce 
the distortion of the amplifier to levels 
acceptable for hi-fi applications. 


Figure 5. Simplified circuit diagram of the 
Sony TA-N88 PWM amplifier. 


The switching for the output stage is 
realised as follows: the collector cur- 
rents of the complementary _ pair 
T110/T111 are held constant by T109 
and T112 respectively. This means that 
the cascaded complementary emitter 
followers (T201 through T204 and 
T205 through T208), which control the 
V-FET output transistors T113, T114 
and T115, T116, are themselves current 
controlled, 

To ensure fast switching of the output 
transistors, the drivers must be capable 


of supplying a generous amount of 
current to charge and discharge the 
input capacitance of the FETs. This 
explains the large number of transistors 
used in the output stage. 

L101...L103 and C124...C127 
form the lowpass filter between the 
output transistors and load (i.e. the 
loudspeaker), Variations in the im- 
pedance of the loudspeaker have little 
effect upon the operation of the filter. 


In conclusion 

Cynics may be inclined to view the 
PWM amplifier as yet another spurious 
‘innovation’ sold by the big hi-fi 
companies to an all too gullible public, 
eager to latch onto the latest gimmick 
or status symbol. However such a view 


‘cannot be justified, for there is no 


doubt that the inherent efficiency of 
PWM amplifiers makes them ideally 
suited to today’s high output power 
applications. Not only are  class-D 
amplifiers extremely efficient, but, since 
the output transistors are not being 
operated in the linear mode, there is 
no possibility of distortion being 
introduced as a result of inherent non- 
linearities in the transfer characteristic 
of the devices. 

More significantly, the TA-N88 may be 
pointing the way to the future evolution 
of hi-fi equipment. The audio manufac- 
turers are increasingly devoting their 
attention to digital methods of signal 
processing, and the PWM amplifier 
could prove to be a transitional step 
between conventional analogue systems 
and a completely digitised audio chain, 
at the end of which the analogue music 
signal is recovered by nothing more 
than a couple of coils and capacitors! Iq 
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Talking computers are 
commonplace in Science Fiction, 
and once in a while a touch of 
comedy is added by introducing a 
singing ‘brain’. In real life, talking 
computers are still in their infancy 
— a vocabulary of a few dozen 
words places them in the ‘skilled’ 
category. 

Funnily enough, it’s much easier 
to make an ‘electronic brain’ 

hum a tune! Even the relatively 
slow and dull-witted 
microprocessor can reproduce 
melodies with a high degree of 
accuracy. This is demonstrated in 
the SC/MP program described 
here. With Christmas in the air, a 
well-known tune was chosen: 
‘Silent Night’. 

Programs for several other well- 
known tunes are also included on 
an ESS record. For interested 
readers, who are not (yet) the 
proud owners of a SC/MP system, 
the P's rendition of these tunes is 
recorded ‘live’ on the B-side of the 
same disc. 


TABLE 1 

ocoo $1 OO 
0co1 C41 
0CO3 C84B 
ocos C84A 
0C07 C453 
oco9 31 
OCOA Cc4oc 
ococ 35 
cod C481 
OCOF 32 
0c10 c4agc 
C12 36 
C13 C42F 
@C15 C83B 
0C17, $3 C418 
@c19 8FO0 
@CciB $2 C42 
@c1D 07 
@C1E C406 
C20 8FO0 
C22 C400 
C24 07 
@C25 C400 
@C27 8FO0 
C29 B825 
@C2B 9CEA 
@C3D C24 
@C2F C81F 
0C31 B81E 
C33 9CE6 
C35 08 
@C36 B81A 
@c38 98C6 
@C3A c501 
@C3C C8E9 
@C3E 62 
@C3F F432 
C41 C8DD 
@C43 C601 
@C45 c8d9 
C47 C8dA 
@c49 c6@1 
@Cc4B C804 
@c4aD 90CC 
@C4F 00 
@csé oO 
@C51 00 
@c52 00 


HALT 

LDI X’01 

ST COUNT 1 
ST COUNT 2 
LDI X'53 
XPAL 1 

LDI X‘0C 
XPAH 1 

LDI X‘81 
XPAL 2 

LDI X‘6c 
XPAH 2 

LDI X'2F 

ST COUNT 3 
LDI X18 
DLY X'00 
LDI X'02 
CAS 

LDI X'00 


DLD COUNT 1 
INZ $3 

LD COUNT 1’ 
ST COUNT 1 
DLD COUNT 2 
JNZ $2 

NOP 

DLD COUNT 3 
JZ $1 

LD@ 1 (1) 

ST DELAY 
CccL 

ADI X'32 

ST DELAY 
LD@ 1 (2) 

ST COUNT 1 
ST COUNT 1' 
LD@ 1 (2) 

ST COUNT 2 
JMP $1 

4 counter bytes 


singing SC/MP 


TAB1 @C53. 5A TAB2 @C81 


singing SC/MP 


79027 1 


aa 
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79027 2 


TABLE 2 


hex code frequency 
c7 466 
B8 494 
AQ 523 
9C 554 
8F 587 
83 622 
78 659 
6D 698 
63 740 
5A 784 
51 831 
49 880 
4 932 
39 988 
32 1047 
2B 1109 
25 1175 
le 1245 
19 1319 
14 1397 
OF 1480 
OA 1568 
06 1661 
@2 1760 


Figure 1. Only three components are required 
for a ‘loudspeaker interface’. 


Figure 2. In case of availability problems, the 
BC517 can, of course, be replaced by a 
standard Darlington configuration. 


Table 1. Complete 
‘Silent Night’. 


program listing for 


Table 2. Using the information given in this 
Table, it is a fairly easy matter to program the 
SC/MP for other melodies. 


The SC/MP can, of course, sing quite 
happily to itself. However, if the per- 
formance is intended for the benefit of 
a human audience, a loudspeaker will be 
required. In computer jargon: a ‘loud- 
speaker interface’. A suitable circuit was 
described in the recent ‘Summer circuits’ 
issue (July/August 1978, circuit no. 12, 
‘software Kojak siren’). It consists of a 
Darlington-transistor amplifier and a 
loudspeaker, connected to a ‘Flag’ 
output of the SC/MP (figure 1; an 
alternative circuit is given in figure 2). If 
the Flag is set and reset rapidly, a tone 
is produced; the more rapidly the Flag 
changes state, the higher the output 
frequency. 

A melody consists of a succession of 
‘tones’ with different frequencies. To 
make the SC/MP ‘sing’, it must be 
programmed to set and reset one of its 
Flags at a frequency that is determined 
by a list of numbers somewhere in its 
memory. Furthermore it must be told, 
by means of a second list of numbers, 
how long each note should last. In other 
words, a program is required that will 
combine two lists of numbers (one for 
tone pitch and one for tone duration) to 
produce a melody. A suitable program is 
given in Table 1. 

The output frequency generated at any 
given moment is determined by a 
hexadecimal number XX as follows: 


ee elOceee 
556 + 8(XX)16 


where XX is limited to the range 
0<XX<CD (hexadecimal!). 

This limits the SC/MP’s singing to two 
octaves, as shown in Table 2. To avoid 
the need for combersome calculations, 
this Table lists the possible notes, the 
corresponding hexadecimal numbers 
and the output frequencies. With this 
information, it is a relatively simple 
matter to draw up the first list (giving 
the frequencies of the consecutive 
notes) for any given melody. 

As stated earlier, the duration of each 
note is determined by a number in a 
second list. In this program, the tone 
duration is entered as the number of 
periods the note is to last. Since this can 
lead to fairly large numbers, two bytes 
are reserved for each note, the total 


f 


Hz, 


number being the product of the two 
numbers involved. 

To give an example, assume that the 
tone required is the low D and that it is 
to last for 1/4 second. From Table 2, 
the low D corresponds to 8F and its 
frequency is 587Hz. For it to last 
1/4 second, 147 periods are required. In 
hexadecimal: (93)i6 periods. This is 
entered in the second list as 93 $1 (or 
1 93), corresponding to (93) 46 x (1)16- 
Finally, the SC/MP has to be told the 
length of the tune, i.e. the number of 
notes. Or, to be more precise, the 
number of notes plus one. This value is 
entered in address @C14. 

In the program, TAB 1 (starting at 
position $C53) is the list of notes 
required, and TAB 2 is the list of tone 
durations. The start address of the latter 
list is stored in @CQE (lower address 
byte) and C11 (higher address byte). 
As an example, the complete program 
listing for ‘Silent Night’ is given in 
Table 1. It is entered from address $COO; 
this is also the start address. The pro- 
gram is started by operating the halt/ 
reset key. 

If other melodies are to be produced, 
the lists of numbers under TAB | and 
TAB 2 must be modified accordingly. 
Furthermore, as mentioned earlier, the 
start address of TAB 2 must be entered 
in positions PCQE and @C11, and the 
number of notes plus one is stored in 
gc14. 

The program described here is included, 
with 5 other well-known Christmas 
melodies and ‘Mary had a little lamb’, 
on the Elektor Software Service record 
ESS 002. The B-side of the same re- 
cording contains the SC/MP’s ‘real-time’ 
rendition of the same tunes. i 


Litt: Experimenting with the SC/MP, 
Nov. 1977... April 1978; 
Software Kojak siren, July/August 1978. 
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tone-burst generator 
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generator 


A (repetitive) tone-burst signal is 
an extremely useful aid for testing 
audio equipment. Basically, this 
type of test signal is obtained by 
switching the output of a 
sine-wave oscillator on and off at 
regular intervals. The generator 
described in this article utilises a 
novel design approach that 
simplifies the circuit considerably 
and only involves one minor 
reduction of the capabilities. 


The sinewave is the most commonly 
used test signal. It is simple to analyse 
(both ‘on sight’ and mathematically) so 
that any distortion can usually be 
recognised quickly. Its very simplicity, 
however, is also its main disadvantage: it 
has very little in common with the 
signals that an audio system is normally 
expected to handle: music and speech. 
Audio signals are extremely ‘dynamic’: 
transients and other more-or-less rapid 
changes in level are actually the most 
important information in a speech sig- 
nal, In order to test a system which is 
intended to handle this type of material, 
it seems reasonable to look for a ‘dy- 
namic’ test signal. There is no way to 
measure ‘transient response’ with a sig- 
nal that is as obstinately steady-state as 
DC. And that, regrettably, applies to 
sinewaves. 

What about squarewaves? A good 
second in the list of commonly used test 
signals. It is definitely better than the 
sinewave when it comes to pointing out 
poor transient response. However, it is 
definitely inferior on several other 
counts. Just think: a digital NAND gate 
will pass a squarewave beautifully — but 
a NAND gate makes a very poor audio 
amplifier indeed... 

A tone-burst signal can be considered as 
a combination of sinewave plus square- 
wave. It has the advantages of both: it is 
steady-state for a while, then suddenly 
changes to a new ‘steady state’ and so 
on. A typical tone-burst signal is shown 


in figure 1. It consists of one or more 
sinewaves, then a gap (one or more sine- 
waves in length), then again one or more 
sinewaves and so on. That it is in some 
ways similar to a sinewave is obvious; 
the similarity with a squarewave is 
perhaps less apparent, until one realises 
that it is basically equivalent to the 
output from a sinewave generator that is 
being turned on and off by a square- 
wave generator of lower frequency. 

All very well, but how does one obtain a 
‘tone-burst’ signal? Apparently, a square- 
wave generator must ‘gate’ the output 
from a sinewave generator. One way of 
achieving this is shown in figure 2. The 
sinewave is fed to an electronic switch. 
As the switch is opened and closed, a 
succession of sinewave ‘bursts’ will 
appear at the output. Control of the 
switch is rather complicated (more than 
this simplified block diagram suggests! ). 
The sinewave is fed to a zero-crossing 
detector; the output from the latter is 
used as ‘clock’ signal for two pro- 
grammable counters. Only one of these 
counters is ‘active? at any given 
moment — the other is held in the ‘reset’ 
position by a flip-flop. When the selec- 
ted maximum count of the ‘active’ 
counter is reached, the flip-flop is trig- 
gered. The first counter is then reset and 
the other counter is enabled. Since the 
output of the flip-flop also drives the 
electronic switch, the final result is a 
number of sinewave periods determined 
by one counter, followed by a ‘dead 
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zone’ (no output) determined by the 
second counter. 

A fool-proof system, one would think. 
However, there is at least one weak link 
in the chain: the zero-crossing detector. 
If the output tone-bursts are to start 
and stop in the zero-crossings of the 
sinewave, an accurate zero-crossing 
detector is required — not to mention 
zero phase-shift throughout the com- 
plete chain from detector through coun- 
ters and flip-flop to switch. 

These problems can be solved — witness 
the proliferation of commercial tone- 
burst generators that work according to 
this principle. However, why bother? A 
different approach obviates the whole 
problem. The results are certainly good 
enough for the home constructor — for 


Figure 1. A tone-burst is basically equivalent 
to a sinewave that is switched on and off at 
regular intervals. Both the length of the burst 
and the period between bursts are a whole 
multiple of the sinewave period. 


Figure 2. Block diagram of a conventional 
tone-burst generator. 


Figure 3. Block diagram of a novel alternative. 


that matter, they are good enough for 
professional use. The only problem is 
that they make for less sweeping adver- 
tisements... 


Why not? 

The block diagram of a different ap- 
proach is shown in figure 3. At first 
sight, it is very similar to the diagram 
shown in figure 2. However, there is one 
major difference: the clock pulses for 
the counters are not derived from the 
sinewave. The reverse is true: a selective 
filter is used to derive the output 
sinewave from the clock pulses, And it 
is easier to design — and, more import- 
antly, build—a good selective filter 
than it is to obtain a good zero-crossing 
detector. 

Any experienced designer who is con- 
versant with the law of cussedness 
should, by now, be looking for the ‘bug’. 
It’s there all right. If the tone-burst is to 
be turned on and off at the correct mo- 
ment — during the zero-crossings — the 
edges of the clock pulses must still 
correspond with those zero-crossings. 
Clock pulses and sinewave must be in 
phase. This implies that the centre 
frequency of the filter must coincide 
with the clock frequency, and a fixed 
centre frequency therefore leads to a 
fixed clock frequency. Tone-bursts with 
‘swept’ sinewave frequency are no 
longer possible. So what . . . who needs 
em, anyway? 


The circuit 


The complete circuit of the tone-burst 
generator is shown in figure 4. The burst 
length can be set, by means of S1, at 
anything between 1 and 16 complete 
sinewave periods. The interval between 
bursts is selected in the same way by $2. 
The clock generator, N1/N2, is a fairly 
standard circuit. Its output is not par- 
ticularly ‘clean’, but suitable processing 
by the other four inverters in the same 
package (N3...N6) produces a good 
squarewave. As illustrated in the block 
diagram (figure 3), this signal is fed to 
two counters, one of which (IC1/IC2) 
determines the length of the burst while 
the other (1C3/IC4) fixes the interval 
between bursts. One output of each 
counter is selected by Sl and S82, 
respectively, and used to set and reset 
the flip-flop (N9/N10). The Q and Q 
outputs of the flip-flop are fed back to 
the counters in such a way that when 
the count selected by SI is reached, 
toggling the flip-flop, the corresponding 
counter is reset and the other is enabled. 
In this way, the two counters are used 
alternately. 

The flip-flop outputs are also used to 
operate the electronic switches $1...S4. 
When S1 and S2 are closed, the sine- 
wave appears at the output; opening S1 
and S2 and closing $3 and S4 blocks the 
sinewave and passes a DC level, corre- 
sponding to the zero level of the sine- 
wave, instead. 
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1... NG = IC5 = 4049 
NN7.... N10 = 1C6 = 4011 
1C7,1C8 = 741 

ES1... ES4= IC9 = 4066 


‘Hsee text 


The sinewave is derived from the clock 
pulses, as described earlier. The clock 
pulses are passed through a selective 
filter (IC7/IC8); the centre frequency of 
this filter, which corresponds to the 
clock frequency, is also equal to the 
sinewave frequency of the tone-burst. 
If a different tone-burst frequency is 
required, the clock frequency must be 
altered by choosing a different value for 
Cl, and the centre frequency of the 
selective filter must be modified by 
altering the values of C2a/b and C3a/b. 


Construction and calibration 


A suitable printed circuit board design is 
shown in figure 5. Fairly standard 
components are used throughout, with 
the possible exception of the switches 
S1 and $2. Several alternatives are 
possible at this point, depending on 
availability and cost: 16  single-pole 
single-throw switches; a 24-way switch 
(more common than 16-way); a 12-way 
switch (four outputs of each counter are 
left unused); two or more switches in 
cascade; or even hard-wired internal 
programming of one useful combination 
(four periods on, say, and eight periods 
off). 

The amplitude of the sine-wave bursts is 
approximately 8V_ peak-to-peak. A 
7.5 V DC component is also present in 
the output signal-corresponding, of 
course, to the ‘zero’ level between 
bursts. This DC component can be 
blocked by adding C5 and R17, as 
shown in dotted lines in the circuit 
diagram. The amplitude of the output 
sinewave can be modified by altering 
the value of R6. 


Two ‘trigger’ outputs, TR and TR, are 
also provided, They are derived from 
the outputs of the flip-flop, so that they 
change state at the beginning and end of 
each burst and can therefore be used to 
trigger an oscilloscope, giving a stable 
display. 

The desired sinewave frequency deter- 
mines the value of three capacitors: C1, 
C2 and C3. If the frequency, f, is given 
in kHz then the values of the capacitors 
in nF can be found as follows: 


The values of C2 and C3 are fairly 
critical, and two positions are reserved 
on the p.c. board for each of these 
capacitors so that the desired value can 
be approximated fairly accurately by 
connecting two capacitors in parallel. 
For instance, if an exact 1 kHz sinewave 
is desired, C2 and C3 would have to be 
16 nF; this can be obtained by con- 
necting a 15n and a 1 n capacitor in 
parallel. The value of Cl is not so 
critical, since the frequency of the clock 
generator can be set correctly by means 
of Pl, 

The highest frequency obtainable is 
20 kHz. 

The current consumption of the circuit 
is quite low: 12...15 mA, 


The calibration procedure is extremely 
simple — only one potentiometer (P1) 
requires attention. The idea is that the 
clock frequency must coincide exactly 
with the centre frequency of the active 


filter, as otherwise the toneburst will 
not start and stop at the zero-crossing of 
the sinewave. The adjustment can be 
carried out quite easily with the aid of 
an oscilloscope. Photos 4 and 5 illus- 
trate two incorrect settings; correct 
adjustment will produce the result 
shown in figure 6. it 


Figure 4. Complete circuit for a tone-burst 
generator that is more suitable for home 
construction, 


Figure 5. Printed circuit board and com- 
ponent layout for the tone-burst generator 
(EPS 79017). 


Photo 1, Tone burst, 1 sinewave period with a 
16-period gap. 


Photo 2. Tone burst, 16 sinewave periods 
with a 1-period gap. 


Photo 3. Tone burst, 16 sinewave periods 
with a 16-period gap. 


Photos 4 and 5. Clock signal and tone-burst 
with P1 incorrectly adjusted: the burst does 
not start and stop in the zero-crossings of the 
sinewave. 


Photo 6. Tone-burst output after P1 has been 
accurately adjusted. 
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Resistors: Capacitors: Semiconductors: 
R1= 39k =33n 1C1...1C4= CD 4015 
R2,R6* = 8k2 C2a/b*, C3a/b* = 15n+10n IC5 = CD 4049 


R3,R8...R14= 10k C4= 22u/16 V IC6 = CD4011 
4=1M C5* = 10 4/25 V 1C7,IC8 = 741 
RS = 22k IC9 = CD 4066 

R7=4 


70k 
R15,R16 = 27k Miscellaneous: 
R17* = 100 k S1,S2 = single pole, 16-way 
P1 = 10 k preset switch* * see text 
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Ae 


A large number of contemporary 
pop records are aimed at the 
so-called ‘disco scene’. A 
distinctive feature of most disco 
music is a heavy, repetitive and 
fairly complex percussive sound, 
which often has a 
characteristically artificial or 
‘funky’ quality. With the aid of 
the circuit described here, records 
from the ‘pre-disco era’ or one’s 
party tapes can be lent this 
authentic disco ‘flavour’ by the 
addition of a synthesised 
percussion track. 


L. Witkam 


disco drums 


It goes without saying that the 
‘drumbox’ must have some means of 
detecting the beat of the piece of music 
being played, in order that the per- 
cussion be in time with the music. The 
simplest way of doing this is to utilise 
the fact that, almost invariably, the bass 
line in pop music lays down the beat for 
the rest of the instruments, Further- 
more, the bass part tends to heavily 
accentuate the basic beat, making it 
easy to detect and follow. Thus the 
circuit operates by monitoring the 
level of the low frequency signal com- 
ponents and adding in the desired disco 
sounds at the appropriate points. 

The drum sound is produced by a 
noise signal with a typically percussive 
attack-decay envelope. That is to say, 
initially the amplitude of the noise 
signal rises sharply to its peak value, 
then is made to die away more slowly 
(exponentially). 

The block diagram of the drumbox is 
shown in figure 1, As can be seen, the 
music signal is first fed to a lowpass 
filter which eliminates all but the bass 
frequencies. The resulting signal is then 
rectified and used to control an opto- 
coupler. When the latter is actuated, a 
noise signal is fed to the summing 
circuit, where it is mixed with the 
original music signal. 


Circuit diagram 
The complete circuit diagram of the 
unit is shown in figure 2. The lowpass 


filter is formed by T1 and T2. The filter 
slope is 18 dB per octave (i.e. the filter 
is third-order) and the turnover fre- 
quency is 40 Hz. The filter output is 
rectified by diodes Dl and D2, and 
smoothed by capacitor C7. This capaci- 
tor, which has a very short charge time, 
stores the instantaneous value of the 
bass part of the music signal. Thus when 
the voltage across C7 is sufficiently 
large, T3 is turned on. C7 then dis- 
charges via R7 and the base-emitter 
junction of T3, until, after a short time, 
this transistor is once more turned off, 
However, during the time that T3 
remains turned on both LED D3 and 
the opto-coupler LED are lit, thereby 
turning on the opto-coupler transistor. 
This means that the noise signal, which 
is applied to the base of this transistor, 
is fed from its emitter to T4, where it is 
amplified before being mixed with the 
original music signal via R17. 

The noise signal itself is produced by 
transistor T6, which is connected as a 
zener diode, and is amplified by T5. The 
volume of the noise signal can be varied 
by means of P3, whilst P1 alters the 
sensitivity of the circuit (i.e. the level of 
the bass part at which a ‘drumbeat’ is 
produced), P2 should be adjusted until 
a suitable noise signal is obtained. 
Varying the position of this preset will 
have some effect upon the timbre of the 
noise; one therefore has a_ certain 
element of choice regarding the type of 
sound produced. The noise level will 
also vary considerably depending upon 


disco drums 


Figure 1. Block diagram of the ‘disco 
drumbox’. Whenever the circuit detects a 
pronounced bass note in the passage of music, 
it adds the desired percussive effect in the 
form of a noise signal. 


Figure 2, Complete circuit diagram. The 
operation of the circuit can be checked by 
testing the voltages at the points indicated. 
The values given in the table apply to 
quiescent conditions. 


the sample of transistor used. Thus it is 
recommended that the noise generator 
be built first and tested using different 
transistors. 

Construction of the circuit should not 
present any special problems. A T111 or 
T112 from Texas Instruments can be 
used for the opto-coupler. Both types 
are available in a six-pin DIL package. 
The pinout details given in the circuit 
diagram apply to both versions. 

The quiescent current consumption of 
the circuit is roughly 3 mA; maximum 
consumption (during each ‘beat’) is 
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approximately 40mA, which means 
that, if desired, the unit can be powered 
by battery. The operation of the circuit 
can be checked with the aid of the 
measurement points and test voltages 
indicated in the circuit diagram. 

Although in theory the unit can be 
inserted at any point in the (pre-) 
amplifier chain, it is recommended that 
it be placed before the volume control 
of the amplifier. The reason for this is 
that otherwise it would be necessary 
to alter the setting of P1 every time one 
adjusted the volume control. i 
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Low cost video terminal for 
uP/TV typewriter applications 


elekterminal 


There is no doubt that by far 

the most convenient and elegant 
method of displaying data from 
a microprocessor is ona 

Visual Display Unit (VDU). When 
used in conjunction with an 
ASCII keyboard (such as that 
described in last month’s issue 

of Elektor) the video interface 
circuit described here forms a 
complete video data terminal 
which can be used with the 
Elektor SC/MP system or any 
microprocessor system possessing 
a serial input/output facility. 


The video terminal described in this 
article is of the serial (i.e. non memory- 
mapped) type, in which the video RAM 
used to store the characters to be 
generated on the screen is not shared by 
the microprocessor. There are several 
advantages of this type of system: 
firstly the terminal can be used indepen- 
dently (ie. is not tied to a micro- 
processor) as a ‘TV typewriter’. Sec- 
ondly, the unit is TTY compatible, and 
in conjunction with a MODEM, can be 
employed to transmit/receive data over 
the telephone line. Thirdly, since most 
microprocessor systems already possess 
serial input/output routines, it means 
that the terminal can be used with the 
vast majority of different pP’s and that 
the necessary device driver software is 
for the most part already present. 

The Elekterminal uses one of the new 


single-chip CRT controllers, the 
SF.F 96364 from Thomson-CSF 
(Sescosem). Due in part to the large 
number of functions assumed by this 
one chip, the complete video interface 
for the terminal uses only 21 ICs, is 
accommodated on a board little larger 
than Eurocard format, yet offers the 
following comprehensive features: 

— 1024 characters per page, formatted 
as 16 lines x 64 characters 

plug-in option allows character 
memory to be expanded to 16 pages 
choice of six different Baud rates: 
75, 110, 150, 300, 600 or 1200 
programmable serial interface charac- 
teristics: ice. choice of 6- or 7-bit 
ASCII code, even, odd or no-parity, 
1- or 2 stop bits generation, 

— choice of TTL or RS232C voltage 

levels 
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— normal (white on grey) or inverted 
(black on grey) video signal 

— sophisticated cursor control and 
screen scrolling functions provided 
in hardware 


Block diagram 

The block diagram of the Elekterminal 
is shown in figure 1. A detailed descrip- 
tion of the ASCII keyboard was con- 
tained in last month’s issue, thus the 
remainder of this article is devoted to 
the video interface card proper. 

The ASCII output of the keyboard is 
fed directly to the UART. UART stands 
for Universal Asynchronous Receiver/ 
Transmitter. This is an LSI IC which 
accepts data, whether in serial or 
parallel form, from a peripheral device 
(keyboard, modem) and transmits this 
data with appropriate serial-parallel or 
parallel-serial conversion to the CPU 
or video interface. Basically the UART 
allows the keyboard, VDU and CPU to 
communicate with one another. A more 
detailed description of this important 
IC is contained later in the article. 

To be able to transmit data at different 
speeds, a programmable Baud rate 
generator is required. As was explained 
in the article on the cassette interface 
(Elektor 36), the Baud rate is defined as 
the total number of bits including 
control bits such as stop and parity bits 
which are transmitted in one second. 
The programmable Baud rate generator 


The output frequencies are derived by 
dividing down a clock input obtained 
from the crystal oscillator of the CRTC. 
The CRTC is without doubt the most 
important component in the entire 
circuit. CRTC stands for Cathode Ray 
Tube Controller, however it might be 
more accurate to describe the chip as a 
‘video processor’. However one calls it, 
the device is another LSI IC which 
performs a wide variety of control 
functions with a minimum of peripheral 
hardware. In the past, video interface 
cards required a veritable mountain of 
discrete logic ICs to perform the tasks 
which are now assumed by this single 
chip. Among other things the CRTC 
generates the line and field sync pulses 
of the video signal, is responsible for the 
addressing of page memory, and con- 
trols the character generator. The 
chip also provides cursor control and 
screen scrolling in hardware. Like the 
UART, a more detailed discussion of 
the CRTC is contained later in the 
article, 


The page memory, which holds the data 
to be displayed on the screen, is formed 
by a number of static RAMs. The 
entire memory is scanned once every 
frame (20 ms). The ASCII code which is 
stored in page memory is converted into 
a form suitable for display with the aid 
of a character generator; after parallel- 
serial conversion it is then added to the 
horizontal and vertical sync pulses in 
the video combiner. The latter provides 


VHF/UHF modulator (such as that 
contained in the October issue of 
Elektor this year) to the aerial input of 
a domestic TV receiver, 

The only section of the circuit which 
remains to be discussed is the CTL 
decoder. This is basically a ROM which 
decodes the ASCII character trans- 
mitted by the UART and informs the 
CRTC whether it is a control signal 
(non-printing code) or a character to be 
displayed on the screen. 


UART, character generator and 
CRTC 


Since many readers may be unfamiliar 
with these important devices, it is worth 
while taking a closer look at just exactly 
how they operate. 


UART 

The block diagram of the AY-5-1013 
UART which is used in the Elekterminal 
is shown in figure 2, In fact the UART 
can be thought of as two ICs (a trans- 
mitter and a receiver) which are housed 
in the same package and which combine 
certain functions in order to economise 
on the number of terminal pins, The 
UART is basically a device which pro- 
vides asynchronous control of data 
communications, that is to say it is 
capable of both receiving and transmit- 
ting data at different rates, as well as 
performing parallel-serial and serial- 
parallel conversions, adding or deleting 
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Figure 1. Block diagram of the Elekterminal. 


Figure 2. Simplified internal block diagram of 
the UART. 


Figure 3. Characters are generated by means 
of an 8x 5 dot matrix. The top row of dots 
remains permanently extinguished. 
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The transmitter and receiver have 
independent reference clock inputs, 
which determine the rate at which the 
data flow occurs, the UART can thus be 
used for both code- and speed conver- 
sion. The Baud rates are determined by 
the output frequency of a programmable 
Baud rate generator contained on-chip. 
The output frequency of the Baud 
Generator is 16 x the Baud rate. 

Data are fed to the transmitter section 
of the UART (e.g. the ASCII output of 
the keyboard) in parallel form. The 
UART converts the parallel code into a 
serial data stream, adding the necessary 
start-, stop- and (if desired) parity bits. 
The system user can program the format 
of the transmitted or received serial 
character to suit his own requirements. 
That is to say that he has the choice of 
one or two stop bits, odd, even or no 
parity bit, and of selecting a 5, 6, 7 or 
8-bit data word. The receiver section of 
the IC does exactly the opposite of the 
transmitter, ie. it deletes the start and 
stop bits from the received serial charac- 
ter, checks for parity errors (which are 
flagged by setting the parity-error 
output), and presents the data in 
parallel form at the data outputs. When 


using the UART as a Baud rate- or code , 


converter the data at the receiver out- 
puts are fed to the data inputs of the 
transmitter; code conversion is per- 
formed by means of a ROM decoder 
connected between the two sections, 


Character generator 


Less complex than the UART, but just 
as important is the character generator. 
This IC is responsible for translating the 
ASCII code stored in the video RAM 
into a format which can be used to 
generate the equivalent alphanumeric 
characters on the screen. In general the 
characters are formed by means of a dot 
matrix, the most common types of 
which are 5x 7 and 7 x 9. Both types 
have their advantages and disadvantages. 
Because of the greater resolution 
available the 7x9 matrix produces 
characters which are more attractive and 
have greater detail. However the larger 
number of dots in the matrix requires a 
corresponding increase in the bandwidth 
of the video signal. With 64 characters 
per line this bandwidth is several 
Megahertz too large for conventional 
TV receivers, and results in poor picture 
definition. For this reason the 7x9 
matrix is generally reserved for use with 
video monitors. 

Although the characters generated by a 
5x7 matrix are somewhat simpler, it 
is still possible to obtain excellent 
definition using a normal domestic TV 
receiver which has a video input. Even 
with the unavoidable picture degra- 
dation caused by a VHF/UHF modu- 
lator, the legibility of the resulting 
display is still perfectly satisfactory. 

The format of the matrix produced by 
the character generator is illustrated in 
figure 3. The information contained in 
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each row is stored in a ROM which is 
addressed by the 6-bit ASCII code 
(stored in the video RAM) together with 
a 3-bit row address which is supplied by 
control logic in the IC. 

Figure 4 shows the simplified internal 
block diagram of the character gener- 
ator. The total of nine address bits 


allows up to 512 different 5-bit rows to 
be selected; since 8 are required to form 
one complete character, the total 
number of characters available is 64. 
Depending upon the ASCII code, the 
correct data word for each row address 
is put on the five data outputs. With 
the aid of the output inhibit pin the 
data outputs can be placed in the high 
impedance state (tri-state mode), 
thereby allowing two or more character 


Figure 4. The character generator is basically 
nothing more than a specially programmed 
ROM. The only difference between it and a 
normal ROM is the shorter word length of 
5 bits. 


Figure 5. This simplified block diagram of 
the CRTC illustrates the large number of 
functions performed by the one IC. 


Table 1. Depending upon the state of the 
control inputs, CO, C1 and C2, the 
SF.F 96364 will execute the following control 
functions. 


Table 2. An overview of the division factors 
required to obtain the various Baud rate 
clock frequencies. Rounding up the figures 
listed in table 2a it is possible to obtain a 
low-cost Baud rate generator which is still 
accurate to within 1% (table 2b). 
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Table 1. 


End of line erase and cursor return 
Line feed (cursor down) 
Inhibition of the character sent 
Cursor left (one position) 

Erasure of cursor-line 

Cursor up (one position) 

Normal character 


Page erase and cursor home (top-left) 


am | 

Cp Cy Co Execution 
time 
ms 
000 132 
(atleft) 0 0 74 8.3 
010 8.3 
O° slat 8.3 
100 8.3 
DOF 11 8.3 
1), 40; 8.3 
1 pet 8.3 
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75 
110 
150 
300 
600 

1200 


1200 Hz 
1760 Hz 
2400 Hz 
4800 Hz 
9600 Hz 
19200 Hz 


co 


Baud rate fUART division factor 


a 


division factor 
1008 MHz 


840 
572.73 
420 
210 
105 
52.50 


1000 MHz 


833.33 
568.18 
416.67 
208.33 
104.17 

52.08 


Table 2b 


Comparison of division factors 
1 MHz 


Baud rate 
75 
110 
150 
300 
600 
1200 


64x1 
44x1 
32x1 
16x1 
8x1 
4x1 


1008 MHz 
3 64 x 13 (+8) 
3(-4) 44x13 

3 32 x 13 (+4) 
3 16 x 13 (+2) 
3 8 x 13 (+1) 
3 4x13 


21 


generators to be connected in parallel so 
as to provide the remaining 64 ASCII 
characters, lower case letters and special 
symbols. 


CRTC 


Almost all the major microprocessor 
manufacturers have already brought out 
a CRTC or are in the process of doing 
so. Most CRT Controllers are designed 
to be used in conjunction with a micro- 
processor, and some are even tied to a 
particular family of processor. 

The device used here, however, is an 
exception to this rule, and the video 
interface card, of which it is the heart, 
can be used to form an independent 
VDU/TV typewriter as well as an 
output terminal for any microprocessor 


which has a serial output. The device 
in question is the SF.F96364 from 
Thomson-CSF, which, as we shall see, 
provides all the control and timing 
signals required for screen display, as 
well as providing a number of sophisti- 
cated screen management facilities 
(cursor control and screen scrolling etc.) 
A simplified block diagram of the 
SF.F 96364 is shown in figure 5. 

One of the most important tasks of the 
CRTC is to generate the sync pulses 
required to display a video signal. With 
the aid of a simple on-chip crystal 
oscillator the SF.F 96364 provides a 
close approximation to the CCIR 
standard sync signal. Line and field sync 
pulses are both combined in the one 
sync waveform. The sync generator also 
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drives the display counter which is 
responsible for the addressing of the 
character generator (ie. providing the 
correct row address) and of the video 
RAM (page memory). In addition, the 
display counter provides information 
for the cursor- and page-end compara- 
tors. The cursor comparator supplies a 
signal which ensures that the cursor 
appears at the correct point on the 
screen, The page-end comparator allows 
the amount of addressable video RAM 
to be extended to include extra pages, 
since the RS output is used to enable 
the VDU to ‘turn a page’ in mid-screen. 
The RP output clocks the counter used 
to address the additional pages of 
character memory. 

A detailed explanation of how the video 
RAM is extended will be contained ina 
subsequent article describing an add-on 
circuit which will permit the use of up 
to 16 pages of memory. 

The above mentioned functions of the 
CRTC are of course indispensable, 
however the most important features of 
the device are almost certainly the 
screen formatting control functions 
which are available in hardware. Many 
less sophisticated video interface cards 
rely upon software routines to provide 
control of cursor and screen scrolling, 
which means that they are necessarily 
tied to a microprocessor. The 
SF.F 96364, however, can provide fairly 
sophisticated screen control options 
on-chip, allowing it to function indepen- 
dently. 

As was stated in the description of the 
block diagram in figure 1, the CTL 
decoder provides a 3-bit instruction 
code which informs the CRTC that the 
ASCII character transmitted by the 
UART is in fact a non-printable control 
character. Depending upon the code 
applied to pins Co, Cy and C2, the 
CRTC will perform one of the cursor 
control functions listed in table 1. 
Certain control instructions take a 
comparatively long time to execute, 
since they have to be carried out during 
blanking intervals so as to minimise 
display distortion. 

As will be explained later, the number 
of control functions can be extended by 
manipulating the W-(Write-)signal; this 
facility is exploited in the Elekterminal. 


Circuit 

The 21 ICs and associated components 
which are shown in figure 6 form the 
complete circuit of the Elekterminal. 
All that is required to render the 
terminal operational is the addition of 
an ASCII encoded keyboard. Page 
memory, which holds the ASCII version 
of the characters to be displayed on the 
screen, is 6 bits wide and is formed by 
six 2102A41Kx1 RAMs. The ‘4 in 
the type number indicates the access 
time of the device, which in this case is 
450 ns. If character memory is to be 
expanded to several pages, it may well 
be worth investing in low power 
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AY-5-1013 
MM5303 


28] 27] 23] 29] 20] 31] 32] 23] 


N1,N5,N12,N14 = 1C16 = 4011 
N2,N3,N6,N7 = C17 = 4081 
N4,N8,N13,N16,N17,N26 = IC18 = 74LS04 
N9,N11,N18,N23 = IC19 = 74LS00 
N10,N22,N24,N25 = IC20 = 74LS125 
N15,N19,N20,N21 = 1C21 = 4081 


KBO 
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ice IC17 IC18 IC19 IC20 [C21 


9966-6 


serial out 


op 
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Table 3. 


Table 4. 


Function 
line-feed 


erase to end 
cursor up 
cursor down 
cursor left 
cursor right 
home cursor 


page erase 
scroll up 


7 bits/character 
8 bits/character 
1 


(no erasure) 


carriage-return + 


home cursor + 


(cursor down) 
carriage return 


erase current line 


corresponds to 


of line 


memories (2102AL4), since they can 
lead to a saving in current consumption 
of up to roughly 30%. 

Since each character is formed by 
8 rows of 5 bits, the ASCII code stored 
in the page memory is read out 8x 
every frame. With 64 characters per line, 
the memory is scanned in blocks of 
64 words. IC10, i.e. the CRTC, ensures 
that the same block is scanned 8 times 
in succession, and that the character 
generator is provided with the correct 
row addresses. The outputs of the 
memory are not connected directly to 
the character generator, but to an 
intermediate latch (IC9). The memory 
address can thus remain one step ahead 
of the position on-screen, which means 
it has ample time to set up the following 
ASCII code on its outputs. 

The 5-bit parallel ‘row’ data from the 
character generator is fed to a shift 
register (IC12), where it is converted 
into serial form and thus becomes 
suitable for video display. This shift 
register is driven by a ‘dot-clock’ with 
a frequency of approx. 11 MHz. The 
dot-clock generator is formed by N17, 
N18 and N26. Since all eight rows of 
a character must be positioned directly 
beneath one another, the dot-clock 
generator is synchronised by the CRTC. 
This is achieved with the aid of the INI 
line (see figure 5) which goes low after 
the 64th character, thereby stopping 
the dot-clock generator until the follow- 
ing line sync pulse. 

All memory addressing is clocked by 
the dot-clock, since the ‘character- 
clock’, which, via the ®l-input, drives 
the address counter in the CRTC, is 
derived from the dot-clock signal via a 
divide-by-eight counter (IC13), 

The frequency of the dot-clock, which 
can be varied by means of C2, deter- 
mines the width of a character: the 
lower the frequency the wider the 
character. The minimum usable fre- 
quency is determined by the available 
space on the TV screen. If too low a fre- 


quency is chosen, the characters will 
run off the edge of the screen. On the 
other hand, if the frequency is too high, 
the characters will be compressed into 
one portion of the screen, with a 
consequent loss of definition and 
legibility. Thus it is important that C2 
be adjusted so as to obtain an optimal 
picture on-screen, 

The spacing between character lines is 
regulated by the CRTC, which blanks 
the video signal for the period of four 
line scans, Between successive character 
lines there is therefore a space of half a 
line. Spacing between the actual charac- 
ters is provided by the shift register, 
IC12. Since this is an eight-bit shift 
register and the character generator 
output is only five bits wide, each 
character can be preceded by two 
unmodulated dot columns and followed 
by one such column. Between each 
character there is thus a space three dots 
wide. The fact that, including spaces, 
each character is in fact eight bits wide 
explains why the character clock is 
derived from the dot-clock via a divide- 
by-eight counter. 

The serial data stream output by the 
shift register is also available in its 
inverted form. One can_ therefore 
choose between a positive (white on 
grey) or negative (black on grey) video 


signal. 
The video combiner is built round 
N22...N25. Depending. upon the 


position of $3, N22...N24 provide a 
video signal of appropriate polarity. 
N23 not only inverts the signal at S3, 
but also inhibits the inverted video 
signal during the sync period. This 
causes the current through N25 during 
the sync pulses to be limited to an 
acceptable value. 

The voltage divider network formed by 
R14 and R15 determines the ratio 
between the amplitude of the video 
signal and that of the sync signals. With 
the values shown the black level is 
around 30%. 


= | 


Positive logic 


Address 
0 to 127 

128 to 135 
136 
137 
138 
139 
140 
141 

142 to 153 
154 
155 
156 
157 

158, 159 

160 to 254 


kf 255 


Figure 6. Complete circuit diagram of the 
video interface for the Elekterminal. With 
the addition of an ASCII keyboard, which 
is connected to the Kstrobe- and 
KBO...KB7 lines, the circuit forms a com- 
plete video data terminal. 
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Table 3. The programmable serial interface 
characteristics of the UART. This table 
applies both to the AY-5-1013 and to the 
MM5303. A recommended bit format is 
shown shaded; this format corresponds to 
the arrangement of wire links illustrated in 
figures 6 and 8. 


Table 4. In addition to the control functions 
listed in table 1, the 4-bit PROM decoder 
offers several extra possibilities. These extra 
control functions can be generated either by 
special keys or with the aid of the control 
key and one of the data keys. 


Table 5. The program for the PROM decoder 
1c7. . 
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The video combiner is followed by a 
buffer stage which has an output 
impedance of 68, and to which one 
can directly connect a length of coaxial 
cable. Assuming that the cable is termin- 
ated with the correct impedance it is 
possible to use lengths of over 10m 
without any problems. The buffer stage 
has the effect of increasing the black 
level to around 35%; this can of course 
be corrected by altering the values of 
R14 and R15, however the increase in 
sync signal level does no harm and the 
adjustment is not really worth the 
bother. 

So much for the circuitry which is 
responsible for actually generating the 
video signals; there remains the circuit 
which allows the unit to communicate 
with peripheral devices such as the CPU 
and/or keyboard. The most important 
interface element is of course the 
UART, the basic operation of which has 
already been described. As was stated 
then, the rate at which data is trans- 
mitted by the UART is determined by a 
clock signal, whose frequency is 16 x 
the desired Baud rate. Normally a 
monolithic Baud rate generator is 
employed to provide the clock signal, 
however these ICs are still fairly expens- 
ive and require a 1 MHz crystal to 
supply the basic clock frequency 
from which the ‘x 16’ clock signals are 
obtained by means of frequency 
division. 

An obvious alternative is to make use of 
the crystal oscillator for the CRTC 
to provide the necessary clock fre- 
quencies. This can be done quite simply 
by first of all amplifying the signal at 
the output of the oscillator (with the 
aid of N14), and then feeding it to a 
programmable divider (IC14 and IC15). 
The accuracy of the clock frequencies 
obtained thereby is better than 1%. 
Generally speaking, the methods 
adopted for the transmission of data 
allow a reasonable tolerance in the 
accuracy of signals, so that a deviation 
in the region of 1% remains a perfectly 
acceptable figure. Table 2 lists the 
relationship between the UART fre- 
quencies and the (theoretical) division 
factors (2a) obtained with crystal 
frequencies of 1 MHz and 1008 kHz. 
The manufacturer of the SF.F 96364 
recommends a crystal frequency of 
1008 kHz in order to avoid interference 
from the mains frequency. In practice, 
however, a 1 MHz crystal is perfectly 
satisfactory. 

As can be seen from table 2, keeping 
to an accuracy of 1% and rounding up 
to the nearest whole figure produces 
identical division ratios for both crystal 
frequencies, The result is a Baud rate 
generator at roughly 20% the price of a 
monolithic type. Results obtained in 
practice have failed to indicate that this 
approach has any untoward effect upon 
the performance of the circuit. 

Once provided with suitable clock 
frequencies, the UART can receive and 
transmit data at any one of six different 
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Baud rates, which are selected by means 
of switch $2. An important point about 
most UARTs is that the output logic 
levels are often not TTL-compatible. 
The most common voltage levels used 
are the so-called RS232C and V24 
norms, These two norms, which are 
virtually identical and more or less 
interchangeable, have the advantage of 
minimum signal levels of +5 V (logic ‘1”) 
and —5 V (logic ‘0’) and maximum 
levels of + and —15 V respectively. Thus 
they clearly have a much greater noise 
immunity than TTL logic levels. 


The circuit described here attempts to 
reach a compromise solution by em- 
ploying a discrete interface design which 
is compatible with both RS232C/V24 
and TTL voltage levels. If the output 
signal is required to drive TTL loads, 
then D4 should be included. This diode 
limits the output voltage to —0.6 V. 
Without the diode the output voltage 
can swing between +5 V and —12V. 
The output impedance is deliberately 
held low in order to facilitate matching 
with the cable. 

As was mentioned earlier, the format of 
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the serial output/input signal can be 
programmed by the system user. The 
number of stop/start bits, choice of 
parity bit and of data word length can 
be selected by making the appropriate 
connections to pins35...39. The 
details are listed in table 3, where a 
preferred format (7-bit code with even 
parity) is shown shaded. If desired the 
parity bit can be omitted (no parity) 
since although the UART checks for 
parity errors in the received signal, the 
parity-error output is not brought out 
externally. Thus the parity bit is only 


of use to the device receiving a character 
transmitted by the UART. 

The Elekterminal is capable of being 
operated in both the full-duplex and 
half-duplex mode. In a full-duplex 
system, where the terminal is linked 
to a UP, the CPU and terminal com- 
municate in both directions simul- 
taneously. That is to say that the 
computer is programmed to echo what 
is transmitted (from the keyboard via 
the UART) back to the terminal display. 
In half-duplex systems the terminal is 
normally wired up so that the screen 


= 


Parts list to figure 6: 


Resistors: 
R1...R3=4k7 
R4 = 628 

R5 = 2k2 

R6 = 560 2 
R7= 2702 
R8...R12=1k 
R13=10M 
R14 = 150 Q 
R15 = 390 2 
R16 = 2202 
R17 =682 
R18 = 390 2 
R19 = 680 2 | 
R20 = 4M7 


Capacitors: 

Ci = 27 pF (see text) 
C2 = 45 pF trimmer | 
C3 = 10 pF | 
c4...C8=100n 


Semiconductors: 
D1...D4=DUS | 
T1 = BC 107B, BC 547B or equ. | 
T2 = BC177B, BC 557B or equ. 
T3 = BF 451 

T4 = 2N2219 


ICs: 

1C1.... 1C6 = 2102-1,2102A4, 
2102AL4 

IC7 = SFC 71301E 1-0 (pre- 
programmed) or equivalent 
eg 745387 (to be programmed 
as shown in table 5) 

IC8 = AY-5-1013,MM5303 

IC9 = 74LS174 

1C10 = SF.F 96364 (Sescosem) 

1C11 = RO-3-2513 

1C12 = 74LS165 

1C13 = 74LS163 

1€14,1C15 = 4024 

1C16 = 4011 

1C17,1C21 = 4081 

1C18 = 74LS04 

1C19 = 74LS00 

1C20 = 74LS125 


Miscellaneous: 

S1 = SPST switch 

$2 = 2 pole 6 way switch 

$3 = SP changeover switch 

P,c.b. connectors (female): type 
ITT-Cannon GO9 

1 x 22 way (keyboard) 

1 x 26 way (extension card) 

For keyboard cable (male): type 
ITT-Cannon GO9 


1000 kHz crystal 


Figures 7 and 8. Track pattern and com- 
ponent overlay of the p.c.b. for the 
Elekterminal (EPS 9966). 
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responds directly to the keyboard. 
Switching between half- and full-duplex 
is accomplished with the aid of S1, 
which is included between the serial 
output- and input pins of the UART. 
The UART relays the ASCII code from 
the keyboard (or CPU) onto the data 
bus lines BO... B6, where it is picked 
off by the CRTC and character mem- 
ory. Before the data reaches the RAMs, 
however, it is converted from 7- to 
6-bit ASCII code; bit 5 is ignored and 
bit 6 inverted. In addition, gates 
N1...N7_ offer the possibility of 
forcing the ‘space’ code (100000) onto 
the data inputs of the RAMs, so that, 
if the appropriate control code is 
applied to the CRTC, an entire line or 
the complete screen can be erased. 
These are in fact only two of the 
many control functions which the 
Elekterminal possesses, 

The 7-bit ASCII control codes are 
detected and decoded by a 256x4 
ROM (IC7), which forms the CTL 
decoder of figure 1. The ASCII code is 
placed on the address inputs of this 
ROM and the code which appears at the 
data outputs is fed to the CO, Cl and C2 
control lines of the CRTC, 

Table 1 has already listed a number of 
the control functions offered by the 
CRTC. However by utilising the 
read/write line of the RAMs it is poss- 
ible to extend these, Table 4 provides an 
overview of all the various cursor 
control and screen scrolling functions 
which are provided by the Elekterminal. 
The majority of these functions can be 
selected by an individual key on the 
Elektor ASCII keyboard which was 
published last month. However, with 
the exception of ‘home cursor’, all the 
above functions can also be obtained 
using the control key and the appro- 
priate data key, which means that the 


video interface is compatible with 
keyboards other than the Elektor 
model, 


The PROM decoder for the CRTC is 
programmed as shown in figure 5, This 
device is available from a number of 
manufucaturers under the type number 
748387. Since only 128 combinations 
are possible with a 7-bit code, only half 
of the PROM is used, 


Printed circuit board 

The printed circuit board for the video 
interface card (see figures 7 and 8) is 
not much larger than Eurocard format, 
but nonetheless is single-sided. Because 
of this there are a considerable number 
of through connections to be made 
(approx. 60 in all), however the extra 
effort required is more than compen- 
sated for by the lower cost of a single- 
sided board. The p.c.b. has been 
specially designed to accomodate an 
extension board to increase the number 
of memory pages to 16. The latter 
(which will appear shortly) simply plugs 
into the video interface card with the 
aid of edge connectors. At the left hand 


end of the video interface board is a 
simple connector to accept the ribbon 
cable from the ASCII keyboard. All the 
connections to the keyboard, i.e. 
including supply lines, can be made via 
the connector socket. This connector is 
also used to bring out the data lines 
from the UART. These connections will 
be required when incorporating the 
extension board. 

The second p.c.b. connector provides 
access to all the address and data lines 
of the character memory and to two 
lines which are used to enable the RAMs 
to be addressed properly. This con- 
nector is designed to accomodate the 
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memory extension board. It should be 
emphasised that the Elekterminal as 
presented here represents a complete 
output peripheral, which can be 
extended to accomodate more memory 
by plugging in one or more additional 
cards. The only on-board modification 
required is the removal of one through 
connection, 

The UART (IC8) is programmed by 
means of wire links. The connections 
indicated on the component overlay 
correspond to the recommended format 
listed in table 3. 


Connection to a TV 


Not every TV has an input for an 
unmodulated video signal, but in those 
cases where one is present, or if a 
video monitor is being used, the ampli- 
tude of the terminal output signal has to 
be adjusted to suit the sensitivity of the 
input in question. This is best done as 
follows: 

The video signal is fed to the TV receiver 
or monitor via a length of coaxial cable 
(50...75 Q). The ‘receiver-end’ of the 
cable should terminate in a low 
impedance. A 100 potentiometer is 
ideally suited for this purpose, The 
potentiometer can then be used to 
adjust the signal amplitude to a suitable 
value. Naturally, an alternative solution 
will have to be found in the case of 
sets which are provided with an internal 
terminal impedance. 

If an input for unmodulated video 
signals is not available the output must 
be fed to a VHF/UHF modulator such 
as that published in the October issue of 
Elektor this year. Due to the large 
bandwidth of the video signal a certain 
degradation of picture quality is inevi- 
table, however the resultant definition 
is still quite acceptable for the type 
of application for which the 
Elekterminal is intended. With or 
without a modulator, the signal ampli- 
tude should be adjusted so that the 
picture is ‘sync-ing’ with both positive 
and negative polarity video signals. This 
can easily be checked by changing the 
polarity several times in succession, One 
should also first ascertain that the line 
oscillator of the TV receiver is correctly 
tuned, 


Supply 

Using normal memory ICs the current 
consumption of the circuit is around 
750 mA (5 V). If low power memories 
are used, however, consumption drops 
to around 550mA (5 V). The —12 V 
supply draws well under 100 mA. This 
means that the circuit could be powered 
using the spare capacity of an SC/MP 
system, assuming the latter was not 
driving a large amount of additional 
memory. Alternatively, a better idea 
might be to use the SC/MP power 
supply design to form a separate supply 
for the Elekterminal, especially if one 
bears in mind that extending the num- 
ber of character memory pages will 
push up the current consumption. i 
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diagnostic 


An SC/MP program to test large 


sections of RAM 


ED 


The more RAM which one adds to 
auP system, the more difficult it 
becomes to trace any faults which 
may occur on one of the memory 
boards. Think, for example, of 
how tedious it would be to have 
to step through every location of 
a4 K RAM card! Fortunately, 
however, with the aid of the right 
software, we can make the 
microprocessor itself do all the 
hard work. After all, computers 
are supposed to be ideally suited 
to taking over boring and 
repetitive tasks from humans. 
The following program can be 
used to test any block of 

memory larger than % K and will 
indicate the location of any faults 
which exist. 


H. Huschitt 


Figure 1. Flow diagram for the RAM- 
diagnostic program, showing the order of the 
different tests. 


Table 1. For reasons of space, the program is 
listed in condensed form. The complete 
program is also recorded on the Elektor 
Software Service record ESS-001. 


A static Random Access Memory basi- 
cally consists of a large number of flip- 
flops and address decoders. These 
decoders are either integrated on the 
RAM chips themselves, or else are 
formed by discrete (TTL and CMOS) 
logic ICs. However, if somewhere within 
a section of memory there is a faulty IC, 


a short circuit or a loose contact, there 
is a good chance that the program which 
is contained in that section of memory 
will fail to function properly. A suitable 
debug program must therefore be able 
to check for such a malfunction. 


The flow diagram of the RAM- 
diagnostic program is shown in figure 1. 


Error no 
Address 
Address 


Storo ‘80" or ‘FF’ 
in every RAM-byto 


Storo ’6S' in every 
RAM-byto of tho first 
(noxt) 1/4 K 


‘65' anywhere olso 
in the momory? 


Aro all 1/4 K's 
tostod? 


Store 00" in 
every RAM-byto 


Store ‘FF’ in 
every RAM-byte 


‘FF’ in 
every RAM-byto? 


"al 


Error 1 
Addross 
‘Addross 


Error 3 
Addross 
Bit 


79014 1 


12-26 — elektor december 1978 


RAM diagnostic 


RAM — DG 


@COO C4 5E C9 @6 C4 3D CO O5 
@CO8 C4 00 C9 FF C9 OO C4 80 
@C10 C9 G4 CO O3 C9 O2 CO 1 
@C18 C4 3E CA 1D C4 60 37 C4 
@C20 55 33 3F C2 61 CAGACA 
@C28 16 C2 62 CAGB CA 11 3F 
@C30 C2 61 CA 13 C2 @2 CA 14 
@C38 C4 6@ CA 12 C2 10 CAGE 
@C4@ C2 11 CA GF C4 OD 37 C4 
@C48 B4 33 3F C4 55 CA 12 C2 
@C5@ GA CA GE C2 OB CA OF C2 
@C58 61 CA 13 C2 OB CA 14 C4 
@C60 OD 37 C4 B4 33 3F C2 OE 
@C68 E2 @1 9C O8 C2 OF E2 G2 
@C7@ 9C O2 90 22 C2 01 CA 13 
@C78 C2 02 CA 14 62 
@C80 61 CAMA CA GC C2 OF F4 
@C88 60 CA GB CA GD C4 OD 37 
@C90 C4 DC 33 3F 90 A2 C4 OO 
@C98 CA 12 C2 10 CAGE C2 11 
@CA@ CA OF C4 OD 37 C4 B4 33 
@CA8 3F C2 10 CA GC C211 CA 


@CBO OD C4 @D 37 C4 DC 33 3F 
@CB8 C4 FF CA 12 C2 10 CA OE 
@CC@ C2 11 CA GF C4 OD 37 C4 
@CC8 B4 33 3F C2 16 CA@C C2 
@CDO 11 CA @D C4 @D 37 C4 DC 
O@CD8 33 3F C2 @1 CA 13 C2 02 
@CE@ CA 14 C4 AACA 12 99 1B 
@CE8 C2 @C CA 1@ C2 OD CA 11 
@CFO C2 12 E4 55 9C OA C4 OO 
@CF8 CA 13 C2 OF CA 14 90 03 
@DO0 40 CA 14 C4 1 31 C4 07 
@DO8 35 C2 12 @1 40 E4 AA9C 
@D10 GA C4 54 C9 OO C4 5C CO 
@D18 FF 90 24 40 E4 55 9C OA 
@D20 C4 96 C9 OO C4 OO CO FF 
@D28 90 15 40 98 OA C4 4F CO 
@D30 06 C4 OO CO FF 90 08 C4 
@D38 5B C9 @@ C4 00 CO FF C4 
@D40 79 C9 @6 C4 50 CO 05 CO 
@D48 64 C9 @2 C4 SC CO O3 C4 
@D50 60 C9 O1 C4 ME 37 C4 1C 
@D58 33 3F C4 A@ CA 1D C2 10 
@D60 CA @1 C2 11 CA G2 C4 OO 
@D68 37 C4 55 33 3F C4 @6 CO 


the 


Once 
‘OW (46) (or ‘FF Go) into each byte of 


started, program writes 
the section of R. to be tested. The 
latter can be selected by entering the 
start and end addresses of the section of 
RAM in question. The program then 
writes the byte ‘55° (6) into the first 
¥%K of the suspect block of RAM (the 
Elektor 4K RAM card is structured in 
blocks of % K). 

The program next tests to see whether 
the byte ‘55’ (ie) appears anywhere 
else in the memory. If that is the case, 
then it means that there is obviously a 
fault in the address decoding of the 
RAM. If the program fails to locate the 
byte ‘55’ (6) elsewhere in memory, 
then the program repeats the same test, 
but this time with the byte ‘55’ @s) in 
the second %K of RAM to be tested. 
The cycle is repeated until the entire 
suspect block of memory has been 
checked. 

When an error is detected, this is regis- 
tered on the displays and the test 
program is stopped. It can only be 
continued if the fault in question is 
rectified. 

The next stage in the program consists 
of loading the byte ‘9 (6) into 
every location in the memory and 
testing to check the contents, If every- 
thing is in order, the test is repeated, 
but this time for the byte ‘FF’ (is) If 
all these tests prove negative, then one 
can safely assume that the malfunction 
of a program loaded into the area of 
memory in question is not due to a 
fault in the memory hardware. 


Program 
The complete condensed listing of the 


RAM-diagnostic program is given in 
table 1. The program is loaded from 
location 9CQ@ and started from that 
address. The byte ‘FF’ i for the first 
test can be loaded into address (C39, 
When the program is started the text 
SDGis. Siac » should appear on the 
displays, whereupon the start address of 
the section of memory to be tested 
should be entered. As is apparent from 
the flow-diagram, this should be the 
initial address of a %K RAMIC, and 
the length of the section of memory 
under test must be a multiple of 
Y% K (x 8). The start address should be 
immediately followed by the end 
address of the block of suspect memory 
(e.g. 1999 to 1FFF), The program will 
start as soon as the end address has 
been entered. To test an entire 4K 
RAM card takes approximately 
2 minutes. It is perfectly possible to 
test larger amounts of memory, thereby 
crossing page boundaries. The time 
taken increases exponentially with the 
size of the memory to be tested. During 
the test the last entered address will 
remain on the displays. 

The program can terminate in one of 
four different ways: 

‘Error no’, When this appears on the 
displays it indicates that the RAM in 
question has been given a clean bill of 
health, This text is always immediately 
followed by first the start and then the 
end address of the section of memory 
which has just been tested. 

‘Error 1’. For this text to appear the 
program must have found the byte 
‘55’ (je) in the wrong section of mem- 
ory. This indicates a fault in the address 
decoding of the memory, caused, for 


@D7@ FF C9 @@ C9 O5 CO G6 C4 
@D78 OE 37 C4 1C 33 3F C2 13 
@D80 CA G1 C2 14 CA G2 C4 OO 
@D88 37 C4 55 33 3F C4 06 CO 
@D90 FF C9 OO 40 E4 AA98 OB 
@D98 40 E4 55 98 06 
@DAG 01 CO 02 8F FF 8F FF C4 
@DA8 GE 37 C4 1C 33 3F C4 OD 
@DBO 37 C4 02 33 3F C2 OE 31 
@DB8 C2 GF 35 C2 12 C9 OO C2 
@DCO GE E2 13 9C O6 C2 OF E2 
@DC8 14 98 OF @2 C2 GE 
@DD@ CA GE C2 OF F4 00 CA OF 
@DD8 90 DB 3F 9% D8 C2 @C 31 
@DE@ C2 @D 35 C1 OO E2 
@DE8 02 @1 C2 12 E4 55 
@DFO 40 98 OC 90 03 40 
@DF8 C4 OC 37 C4 E7 33 
EGO OC E2 G1 
GE@8 02 9C 03 
GE10 OC F4 O1 
GE18 00 CA OD 90 CO C4 68 CB 
E20 08 8F FF B8 04 
E28 00 


example, by a short in the CE line of 
the RAMs in question. This text is 
immediately followed by the ‘block 
address’ of the faulty 4K of RAM. 
If the precise address of the faulty store 
is desired, this can be obtained by using 
the ‘MODIFY’ routine to load ‘FF’ into 
address (C38 and then restarting the 
program. The exact address where the 
error is found will then be displayed 
immediately after the start and end 
addresses of the faulty ‘block’. 
‘Error 2’. This text indicates that one or 
more bits have not been reset (loaded 
with ’9’). The first address where this 
is the case is registered on the displays, 
followed by a two-digit number which 
indicates which bit(s) in the byte are 
false. For example, ‘MF’ would mean 
that bits 0, 1, 2 and 3 of the byte in 
question contained a ‘1’ instead of a 
‘®’. Possible causes for such an error 
include a faulty RAM IC, bad solder 
joints, faulty IC sockets, a break in the 
CE or Read/Write lines. 
‘Error 3’. This is basically the same 
fault as in the previous case, except that 
here each bit is tested for a ‘1’. Once 
again the first address where a fault is 
detected is displayed. 
In conclusion, it should be remarked 
that an ‘Error’ indication need not 
always denote a fault in the memory 
hardware. It is perfectly possible that 
the program will detect an ‘error’, which 
if the program is run a second time, will 
promptly disappear. In such a case the 
‘fault’ is probably due to such factors 
as, €.g., unsatisfactory supply voltage(s), 
faulty decoupling capacitors or bus- 
drivers with too small a fan-out. 

i 
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reading elektor 


TUNs and TUPs 

Nowadays, most low-frequency, small- 
signal silicon transistors from reputable 
manufacturers meet the following mini- 
mum specifications: 


UCEO, max 20V 

IC, max 100 mA 
hfe, min 100 
Prot, max 100 mW 
fT, min 100 MHz 


When a transistor of this type is 
required, it is referred to in Elektor as 
a TUN (Transistor, Universal, NPN) or 
a TUP (Transistor, Universal, PNP). 
Some TUNs are the BC 107, BC 108 and 
BC 109 families, and the 2N3856A, 
2N3859, 2N3860, 2N3904, 2N4124 
and HEP S0011. 

Some TUPs are the BC 177, BC 178 and 
BC179 families, and the 2N2412, 
2N3251, 2N3906, 2N4126, 2N4291 
and HEP S0013. 


DUS and DUG 
Similarly, for many small-signal appli- 
cations the only really important 


difference between all the available 
diodes is that some are silicon and 
some are germanium. When a general- 
purpose small-signal diode is required 
in an Elektor circuit, it is often desig- 
nated DUS (Diode, Universal, Silicon) 
or DUG (Diode, Universal, Germanium). 
However, it should be noted that even a 
DUS or DUG should meet minimum 
specifications: 


DUS DUG 
UR, max 25V 20 V 
IF, max 100mA 35mA 
R, max 1pA 100 pA 
Ptot, max 250mW 250mW 
Cp, max 5 pF 10 pF 
Some DUS’s are: BA127, BA217, 
BA218, BA221, BA222, BA317, 


BA318, BAX 13, BAY 61, 1N914 and 
1N4148, 

Some DUGs are: OA85, OA91, OA95 
and AA116. 


Resistors 

Unless otherwise specified, resistors are 
YaWatt 5% tolerance carbon types. 
Higher power ratings are, of course, 


permissible (e.g. the recently introduced 
‘3 Watt’ types), provided they fit on 
the p.c. board — if this is to be used. A 
10% tolerance type is usually also 
permissible, with only a minor effect on 
the performance. 

The resistance values are specified using 
‘k’ for 1000 2 and ‘M’ for 1,000,000 Q; 
the decimal point is replaced by either 
‘Q', ‘kor ‘M’. 

For instance, 4927 = 4.7 Q; 

4k7 = 4700 2; 4M7 = 4.7 MQ. 


Capacitors 

The DC working voltage of capacitors 
(other than electrolytics) is normally 
assumed to be at least 60 V, unless 
otherwise specified. Generally speaking, 
of course, a DC working voltage equal 
to (or greater than) twice the supply 
voltage is sufficient. In most circuits 
where electrolytic capacitors are used, a 
working voltage equal to the supply 
voltage plus 20% is safe; very often, a 
lower voltage is sufficient. In recent 
Elektor circuits, the lowest DC working 
voltage permissible is often specified, 
regardless of availability; in practice, 
any higher voltage type can be used 
— bearing in mind that a higher voltage 
rating involves greater physical size, 
so the available space on the board 
should be watched. For instance, in a 
circuit operating off a 9 V battery, an 
elco might be specified as 1/16 V 
— even though the normally available 
types are 1 4/63 V. 

Capacitor values are specified using ‘p’ 
for 107'?, ‘n’ for 107° and ‘u’ for 
10°. As with resistors, the decimal 
point is replaced by one of these letters. 
This means that 4700 pF, for instance, 
is written as 4n7 — not as 0.0047 pF! 


Voltages 

The international letter symbol ‘U’ for 
voltage is normally used instead of the 
ambiguous ‘V’. ‘V’ is normally reserved 
for ‘volts’. For instance: Up =10V, 
not Vp = 10 V. 

The DC test voltages shown in circuits 
are measured with a 20 kQ2/V instru- 
ment, unless otherwise specified. 

No mains (power line) voltages are given 
in Elektor circuits. It is assumed that 
our readers know what voltage is 
standard in their part of the world! 


International problems 


Although it is the intention that Elektor 

circuits can be built and used all over 

the world, some problems are unavoid- 

able. 

Readers in countries that use 60 Hz 

should note that Elektor circuits are 

designed for 50 Hz operation. This will 

not normally be a problem; however, 

in cases where the mains frequency is 

used for synchronisation some modifi- 

cation may be required. In some cases, 

the necessary modifications are given; 

in others, especially where modification 

involves drastic re-design, the circuit 

idea may be of use — even though the 

circuit itself is not. 

Circuits intended for use with domestic 

television receivers may also run into 

difficulties. As many of our readers 

will know, ‘Television Standards’ are 

anything but ‘standard’! However, by 

avoiding sound and colour wherever 

possible, a reasonable degree of inter- 

national compatibility can be achieved 

— provided the preset adjustments are 

given a sufficiently wide range. 

Finally, especially for our readers in 

Canada and the USA, a list of 

equivalents for some of the commonly- 

used transistor types may prove useful: 

AF 239: G0003 

BC 140, BC 141, BC 142: S3011 

BC 160: S3012 

BC 546: no direct equivalent known to 
us, however in most cases an S0024 
can be used 

BD 241: TIP29, S5000 

BD 242: TIP30, S5006 

BF 259, BF 494, BFT66: no direct 
equivalent known to us; basically, 
these are low-voltage, low-current 
high-frequency devices. 

Some further equivalents differ only in 

that the emitter and collector connec- 

tions are transposed, so that they must 

be mounted ‘back-to-front’ on the 

EPS p.c. boards: 

TUN: RS2010, RS2016 

TUP: RS2022, RS2034 

BC 107 or equ.: S0015 

BC 177 or equ.: S0019 

BC 109B,C or equ.: S0024 

BC 517: $9100 

BC 556: S0026 iq 
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Audio 
AGC microphone preamp ...... 
amplifier for low-Z headphones 
analogue delay line... . 
analogue reverberation uni te 
automatic mono/stereo switch . . 
compander .....:..... eo 
consonant control anpiier wee 
digital audio mixer . Revie are 
digital delay line ....... 
digital reverberation unit 
disc preamp . . Nord 


18 dB per octave high/lowpass filter 


723 as a constant current source . 


Domestic and hobby 
automatic aquarium lamp 
automatic shutter release 
back and front doorbell . 

bat receiver ....... 
burglar alarm... 
cackling egg-timer 
central alarm system . 
cold shower detector 


disco drums . Sect development timer . . 
DJKille....... electronic gong ...... 
electronic input selector . aie electronic open fire 
elektor equaliser ......... o infra-red light gate . 


elektornado power amplifier . . 
FET audio amplifier ...... 
limiter/compressor .. . . 
loudspeaker connections 

luminant level indicator . 
micropower amplifier . . 
moving coil preamp 

peak programme meter . . 
preconsonant disc preamp 

PWM audio amplifiers ..... 
stepped volume control 
stereo pan pot 
stereo width control... . 
third octave filters (ejektor) - 
variable fuzz box... . 
vocoders (1) . 
vocoders (2) . 


Car & bicycle 
automotive voltmeter . . 
bicycle speedometer .. . 
brake efficiency meter . . 
carammeter........ 
car battery monitor .. 
car lights failure indicato: 
car rip-off protection . . 


infra-red receiver ..... 
infra-red transmitter . . . 
liquid level alarm... .. 
loudspeaking telephone ‘| 
percolator switch. .... 
proximity detector... . 
GATOLY ANSE. i ee cb a vene 
slide-tape synchroniser . . 
slow on/off fader... .. 
solid-state thermostat . . 
touch dimmer... ... 


ultrasonic alarm indicator . 


ultrasonic alarm receiver . 


ultrasonic alarm transmitter 


Games and model building 


coulour TV games ... . 
electronic gong . . 
electronic maze’. . 
glowplug regulator 
jOystiokes, eu itn ¢ 


many hands make light work if 


model railway lighting . 

monopoly dice ..... 
pocket bagatelle . 
puffometer .... 
quizmaster 


car start booster .......... . ring the bell and win a prize . ‘ 
car voltage/current regulator ... servo polarity changer... . : 
Plasherbleaper: cicsyaisite abit w riahidrtadisye a « s super cheapo NiCad charger . a 
POWEF FlashOr: ies we cee e-ia arses ayragevionaye Nase Tag Te ie. Sense nas ats adie sta 

traffic light controller... . 
Design ideas 
bandwidth limited video mixer... 0.2... cer co Generators 
cheap crystal filter .......... Dponck AM/FM alignment generator . 
constant amplitude Squarewave to sawtooth converter CMOS function generator . . 
electronic variable capacitor»... 0... eee eee CMOS noise generator... . 


hum filter using electronically simulated inductor . . 
improved 723 supply .... ef 
no-noise preamp ..... 
selective bandpass filter 
simple CMOS squarewave generator . . 
simple LS TTL squarewave generator . 


digital spot sinewave generator 


frequency synthesiser .... 


master tone generator . . 


sawtooth oscillator... ... 


simple function generator 
signal injector. ..... 


.7-74 


index 


+ 7-18 


4-18 


simple CMOS squarewave Generator ti 
simple LS TTL squarewave generator . 
simple TTL squarewave generator .. . 
sine-cosine oscillator... . . 
squarewave oscillator 

stable-start-stop-squarewave . 


simple TTL squarewave Sear Cron 
speedy rectifier ...... 

stable-start-stop-squarewave . 
super-simple touch switch 
TMAPAIDY 4 tcogeneieat 3.79 eect 
temperaturé-compensated reference volteue a 


URLITE Aer Xe] OLS Picaeearnnie choirs tk tone-burst generator ..... 

variable capacitance multiplier . . TUE C-VGOM ic ahaa one 

Woltage: MICFOR <2. s sarc). iwsine’ ans Fras 15 duty-cycles at the turn of a s\ 

zero crossing detector .............% 288'MHz generator: 2. 2 ee 


index 


HF 

aerial systems for satellite communication ..........5-04 
cheap crystal filter»... . abe feo aha 

cheap r.f. amplifier . . . 
colour modulator... . 
FMF sthip oo... cies 
frequency synthesiser controller 
mini short-wave receiver . 
modulatable power supply 
programmable call generator . . 
TV sound modulator . 
VHF preamp .... 
VHF/UHF TV modulato 
wideband RF amplifier 
2m transmitter... . : Bao fs 
GSI MzGeNOratOlens sa jensacgen’ lena ieNes ted solsuauienayy aint 


Informative articles 

aerial system for satellite communication . . . . we B04 
an introduction to the TV scope ........5 » « 10-03 
applikator, complex sound generator . < » » 932 
applikator, light sensing chip ...... < . 10-42 
applikator, RPM and dwell meter rae e 11-34 
buffered/unbuffered CMOS....... oe on O43 
circuit boards and soldering . . . she oe oe 684 
ejektor, third octave filters ..... etn Fle 
ejektor, TV scope using bucket brigade memory wae 5°20 
elektor software service... 61. eee ee eee via 16920 


one chip does not make a piano 
PWM audio amplifiers . . 
safety first... .. 

throwing some light on ‘LE Ds. 
vocoders (1)... ...eneene 


VOCOdrS (2) oc ois ole. npiaiteinns ovs.ie Hie Lrauayenao north S124 
Microprocessors 
ASCII keyboard ....... Chey P 


cassette interface... 1.1.65 
CMOS FSK modulator . 
data bus buffer ..... 
data bus buffer ..... 
data multiplexer ......... 
debouncer..... 

digital clock using the SC/MP : 
elekterminal . 9 CoDaipic¥ Wane tse oe 
elektor software service ......... a 
experimenting with the SC/MP (3)... . 
experimenting with the SC/MP (4)... . 
experimenting with the SC/MP (5)... . 
funwitha RAM .........0005 
hexadecimal display .........5 
programmable address decoder . . 

RAM diagnostic program - 
reaction timer program ’. 
SC/MP Mastermind program 
SC/MP power supply. . . 
singingSC/MP ...... 
software Kojak siren... .. 
stable-start-stop-squarewave . 
supply failure indicator . . 
word trigger. ....... se whet 
AKIRVAM Gat leper evasfas wise, era tereusietng, one tateistot ate 


Miscellaneous 
analdgue-digital converter 
electronic soldering iron 
infra-red receiver .......-. 
infra-red transmitter . . 
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metronome . . 


oscillographics | 

pseudo random r inning p 
sawsong.......5 at as 3 hat 
simple video mixer ey ee Dies greed 
simple video sync generator. ........00% 


squarewave-staircase converter ....... 
stereo vectorscope ....... Pier euaers A 
temperature-controlled soldering iron pees eae et 
touch controller .........- eee 


Music 

disco drums . . ri 
easy music... ... a 
extending the elektor piano. ..... 
formant - the elektor music synthesiser (7) . . . 
formant - the elektor music synthesiser (8) . 
formant - the elektor music synthesiser (9) . 


formant - the elektor music synthesiser (10) . . 4-33 
master tone generator ........06 - 9-09 
‘one chip does not make a plang Seem . 9-08 
PlanOGierenwss + Chee Cac 9-12 
resonance filter module . . . 10-12 
singing SC/MP_ ..... ae « 12-08 
24d BINGE ef eh tel etetn a + 9-34 


Power supplies 

improved 723 supply ....- 
modulatable power suppl 
SC/MP power supply... . . 
symmetrical + 15 V/50 mA supply . 
temperature-compensated reference volt ig 
VOItAGOMINTOR ses ss teuenecassun wast eae @ ane 
0-30 V regulated supply .... . 
78L voltage regulators ...... 


Test and measuring equipment 


AM/FM alignment generator merecivas:\9) 
analogue-digital converter... . .7-21 
CMOS function generator ...... 

CMOS noise generator . i 


GIGQiSCOPO! se raiye wi enenes 
ditigal spot sinewave genera or 
DIN cable tester ......... 
FET millivoltmeter...... . 
frequency synthesiser ..... 
HF current gain tester ...... 
IC Counter timebase....... 
LED X-Y plotter ......... 
minicounter ........... 
peak programme meter ..... 
real load resistors......... 
sawtooth oscillator... ..... 
signal injector... ......45 
simple function generator... . 
sine-cosine oscillator ....... 
squarewave oscillator ...... 
timebase scaler ...... 
Tone-burst generator... ......005 
TV scope, introduction .......... 
TV scope, basic version . 
TV scope, extending the 
TV scope, extended versi 
UAA 180 LED voltmeter 


universal logic tester»... 2... 000% 
voltage comparison ona ‘scope...... 
WOPGITHIGGOFs. seus: ai) oa: diate o ageathers 


zener tester ........ 
1/4 GHz counter ..... 
15 duty-cycles at the turn of a switch 
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tup-tun-dug-dus 


TUPTUNDUGDUS 


Wherever possible in Elektor circuits, transistors and diodes are simply marked ‘TUP’ (Tran- 
sistors, Universal PNP), ‘TUN’ (Transistor, Universel NPN), ‘DUG’ (Diode, Universal Ger- 
manium) or ‘DUS’ (Diode, Universal Silicon). This indicates that a large group of similar 
devices can be used, provided they meet the minimum specifications listed in tables 1a and 


1b, 


100 mA 
100 mA 


dosent 


b, 
type Uceo 
max 
TUN NPN 20V 
TUP PNP 20V 


Table 1a. Minimum specifications for TUP and 
TUN. 


Table 1b. Minimum specifications for DUS and 
DUG. 


Table 2. Various transistor types that meet the 
TUN specifications. 


Table 4. Various diodes that meet the DUS or 
DUG specifications. 


fi 


TUN 

BC 107 BC 208 BC 384 
BC 108 BC 209 BC 407 
BC 109 BC 237 BC 408 
BC 147 BC 238 BC 409 
BC 148 BC 239 BC 413 
BC 149 BC 317 BC 414 
BC 171 BC 318 BC 547 
BC 172 BC 319 BC 548 
BC 173 BC 347 BC 549 
BC 182 BC 348 BC 582 
BC 183 BC 349 BC 583 
BC 184 BC 382 BC 584 
BC 207 BC 383 


Table 3. Various transistor types that meet the 
TUP specifications. 


7 
TUP 

BC 157 BC 253 BC 352 
BC 158 BC 261 BC 415 
BC 177 BC 262 BC 416 
BC 178 BC 263 BC 417 
BC 204 BC 307 BC 418 
BC 205 BC 308 BC 419 
BC 206 BC 309 BC 512 
BC 212 BC 320 BC 513 
BC 213 BC 321 BC 514 
BC 214 BC 322 BC 557 
BC 251 BC 350 BC 558 
BC 252 BC 351 BC 559 


The letters after the type number 
denote the current gain: 


A: a’ (B, hfe) = 125-260 
8: a’ = 240-500 
iG: a! = 450-900. 


DUS DUG 
BA 127 BA 318 OA 85 
BA 217 BAX13 OA 91 
BA 218 BAY61 OA 95 
BA 221 1N914 AA 116 
BA 222 1N4148 
BA 317 

Table 5. Minimum specifications for the 


BC107, -108, -109 and BC177, -178, -179 
families (according to the Pro-Electron 
standard), Note that the BC179 does not 
necessarily meet the TUP specification 
(ic,max = 50 mA). 


Table 6. Various equivalents for the BC107, 
-108,... ilies. The data are those given by 
the Pro-Electron standard; individual manu- 
facturers will sometimes give better specifi- 
cations for their own products. 


[wen _| pre | cose | Remarks | 


BC 350 
ec 348} 8c351| Gi 
BC 349 | BC 352 


BC 408 | BC 418 
BC 409 | BC 419 


BC 547 | BC 557 
BC 548 | BC 558 
BC 549 | BC 559 


Pmax = 
500 mW 


low noise 


low noise 


Pmax = 
220 mW 


low noise 


150 MHz 
150 MHz 
150 MHz 


130 MHz 
130 MHz 
130 MHz 


10 dB 
10 dB 
4dB 


10 dB 
10 dB 
4dB 


variable fuzz-box 
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variable fuzz-box 


A simple circuit for musical sound effects 


‘Particularly in modern pop music, 
electronically-produced sound 
effects are an extremely common 
device. One only has to think, for 
example, of the widespread use of 
the ‘wa-wa’ pedal and the fuzz- 
box. With this in mind, Elektor 
have designed a super simple 
circuit which, by employing signal 
clipping techniques, can produce a 
large variety of manually 
controlled sound effects. 


Figure 1. The response of an amplifier which 
is driven into ‘hard’ clipping (a) and the corre- 
sponding input and output waveforms. 


Figure 2. There are five parameters of the 
clipping response of an amplifier which can be 
independently varied. 


Using only a handful of components it 
is possible to construct a highly effec- 
tive variant of the well-known fuzz box. 
This type of circuit commonly employs 
a pair of anti-parallel connected diodes, 
which are inserted in the amplifier (be it 
IC — or transistorised) so as to clamp 
the output signal above certain values of 
the input signal. This process is illus- 
trated in figure 1, where for the sake of 
clarity the amplifier is assumed to have 
unity gain over the linear portion of its 
transfer characteristic. As can be seen, 


above an input voltage U;, the output 
voltage shows no further increase; simi- 
larly, the output voltage will not fall 
below the input value —U2. If U; is 
equal to U2 (which is typically the case 
in fuzz-box circuits) and the input signal 
is sufficiently large, then the input and 
output signals will differ from one 
another as shown in figure 1b. 

When, as is the case in figure 1b, the 
output signal clips symmetrically 
(ie. Uy; =U), it contains only even 
harmonics, and it is this which gives the 


da Yout (t) 
—P Uin (t) 
9984-10 
‘Ib 
2 


Uout (t) 


Yin (t) 
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(is 1N4148) 
lin 
10 16V © see text 
(hs 1N4148 
lin 
ausee text 


variable fuzz-box 


Figure 3. The circuit diagram of a variable 
fuzz-box for a symmetrical power supply. 


Figure 4. The circuit of a variable fuzz-box 
for an asymmetrical power supply. 


Figure 5. Example of a suitable power supply 
for the circuit of figure 3 (a) and of fig- 
ure 4 (b). 


resultant musical signal its characteristi- 
cally rough and ‘fuzzy’ edge. However 
the tonal character of the music signal 
can be considerably enriched by arrang- 
ing that the output signal clips asym- 
metrically (i.e. U; # U2). In this way it 
is possible to influence the sound of the 
fuzz-box to produce more varied effects. 
The circuit described here is designed to 
offer the best of both worlds by al- 
lowing the clipping levels U; and U2 to 
be altered independently of one another, 
thus permitting the type of effect to be 
varied as desired. 

Varying the clipping levels is not, how- 
ever, the only way of influencing the 
sound of the (clipped) output signal. 
A further factor determining the type of 
effect produced is whether the amplifier 
starts clipping almost immediately it 
reaches a particular level (hard clipping), 
or whether the transition between non- 
limiting and limiting is more gradual 
(soft clipping). In the circuit described 
here it is possible to continuously vary 
the response of the amplifier between 
these two extremes. The various control 
facilities offered by the ‘variable fuzz- 
box’ are illustrated in figure 2. 


Circuit diagram 

The complete circuit diagram of the 
fuzz-box is shown in figures 3 and 4; 
figure 3 gives the circuit for a symmetri- 
cal power supply (plus, minus and 
earth), whilst figure 4 is designed for an 


variable fuzz-box 


BD 137 
BD 139,< 


asymmetrical supply (plus and minus/ 
earth). The current consumption of the 
circuit is 10 to 15 mA, whilst in both 
figures 3 and 4 the input impedance is 
100 k. 

The operation of the circuit is fairly 
straightforward. The input signal is first 
amplified by IC1, the gain of which is 


. The gain can be altered. by 
varying R1; with the value given the 


C+) 21,5V (32,5 V) 


gain is 11. The output signal of IC1 is 
fed via R4 (and C6 in figure 4) to the 
volume control P5, the wiper voltage of 
which forms the output signal of the 
circuit, 

The clipping is controlled as follows: as 
soon as the voltage at the-right hand end 
of R4 exceeds the wiper voltage of P3 
(or falls below the wiper voltage of P4) 
the output signal is attenuated. The de- 
gree of attenuation is determined by the 
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ratio of R4 to P1 (P2). With P1 (P2) set 
to its minimum resistance value the out- 
put signal is completely attenuated, i.e. 
is ‘hard’ clipped. With P1 set to its other 
end stop (minimum resistance) ‘soft’ 
clipping is obtained. Thus by adjusting 
the four potentiometers P1...P4 
which control both the levels at which 
the amplifier starts to clip and the 
degree of clipping, it is possible to vary 
the tonal character of the resultant 
sound as desired. 

As far as a power supply is concerned, 
various possibilities exist. Figures 5a and 
5b show a suitable arrangement for the 
circuits of figures 3 and 4 respectively. 


Other applications 


Apart from its use as a variable special 
effects generator the circuit also has 
other possible applications. For example, 
it can be used to limit the input signal 
of a power amplifier to the value which 
just produces maximum output. In this 
way one obviates the danger of current 
limiting or clipping occurring in the 
power amp and its undesirable conse- 
quences for the listener. At the same 
time the circuit thus represents a type 
of overload protection for the power 
amp. 

Another interesting idea would be to 
use the circuit in conjunction with P.A. 
systems. There are various theories 
which claim that it is possible to increase 
the volume of the signal by clipping it 
in a certain way. The increase in the 
harmonic content of the signal is said 
not to impair the intelligibility of the 
address. It has also been suggested that 
different clipping characteristics may 
explain some of the oft-debated differ- 
ences between ‘transistor-sound’ and 
‘valve-sound’. The circuit described here 
seems ideally suited to test the truth of 
these ideas. However readers wishing to 
experiment in this field would do well 
to spare a thought for their neighbours! 


purus, 
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TV scope — extended version 


TV scope- . 
extended version 


The TV scope, introduced in the 
recent October issue, can now be 
completed. Two months ago the 
basic version was described in 
detail and the necessary circuits 
were given for converting a 
standard domestic television 
receiver into an oscilloscope — be 
it with limited capabilities. Last 
month the possibilities for 
extending the TV scope were 
discussed; in particular, the 
principles and advantages of a 
variable timebase and trigger 
facilities were explained. This 
third and final article in the series 
gives the necessary extension 
circuits, 

Although the basic version is an 
extremely useful tool when testing 
low-frequency circuits, its 

‘big brother’ offers vastly superior 
display possibilities. Any signal 
within the frequency range of the 
scope (DC to 100 kHz) can be 
displayed as a clear and stable 
trace on the screen of any 
domestic TV receiver. 


Several block diagrams can be given for 
the same circuit, as shown in figure 1: 
the third (and last!) block diagram of 
the ‘TV scope - extended version’. The 
sections required for extending the 
TV scope are shaded in; the unshaded 
portions are the basic version described 
in the October issue. Furthermore, the 
block diagram clearly shows the separ- 
ate portions of the circuit which will be 
mounted on separate printed circuit 
boards, In the following, these extension 
circuits will be discussed: the trigger 
circuit, the input timebase and the 
‘bucket-brigade memory’  timebase 
expander with its associated drive 
circuits. The portions of the diagram 
shown in dotted lines are only required 
for a two-channel version of the ‘scope’. 
The timebase expanders (bucket-brigade 
memories) of the A- and B-channels 
(assuming that the latter is also included) 
‘slow down’ the analogue input signals 
Uya and uyb as required. For correct 
operation, they require three control 
signals: two clock signals, #1 and 92, 
and a ‘mode’ signal (uy) that deter- 
mines which of the memories is in the 
‘read’ cycle and which is in the ‘display’ 
mode, The basic principles involved 
were described last month. 

The three control signals are derived 
from a fairly complicated logical circuit, 
which is designated quite simply in the 
block diagram: the ‘control circuit’. 
This circuit derives the necessary output 
signals from several input signals. Four 
inputs are provided by the main board 
of the basic version of the TV scope. 
Two further inputs are provided by the 
trigger circuit, which forms part of the 
extension circuitry. One of the latter 
signals, Usample, corresponds to twice 
the clock frequency required during the 
‘read’ cycle of the memories. The 
frequency of Usample therefore deter- 
mines the timebase expansion obtained; 
in other words, it determines the time 
axis of the final TV scope display. 

The second signal provided by the input 
timebase board is ux. This signal is 
derived from the Uyeset output of the 
basic version: a pulse train at the 50 Hz 
frame frequency. The ux signal is also a 
pulse train —in other words, it is a 
digital signal — and it goes ‘high’ (+15 V) 
in the same rhythm, but with a delay 


with respect to Uyeset that is determined 
by the setting of a potentiometer, ‘x-pos’. 
The ux signal determines the start of the 
display cycle with respect to the start of 
each frame of the TV picture. In effect, 
it therefore determines the position of 
the display along the time axis or 
‘X-axis’, which is why the corresponding 
control is labelled ‘x-pos(ition)’. 

The last input signal to the control 
circuit is uty. This signal is derived from 
one of the y-input signals or from a 
third input signal (‘external trigger’). 
When the selected input signal to the 
trigger circuit exceeds a certain level, as 
set by the ‘trigger level’ control, the utr 
output goes ‘high’ — see figure 2. Since 
the positive-going edge is detected by 
the control circuit, triggering occurs on 
the leading edge of the selected input 
signal. Basically, this circuit is equiv- 
alent to similar circuits in any ‘normal’ 
oscilloscope. 

Figure 3 shows the relationships be- 
tween the various in- and output signals 
of the control circuit. At each reset 
pulse, the mode signal (um) changes 
state, selecting first one memory and 
then the other for each channel. Simul- 
taneously the ux signal goes low for a 
fixed period; at the end of this period 
the display cycle starts. Two things 
happen at this point. The signal ugate 
goes high; this signal is fed to one input 
of N15 in the circuit which generates 
the white-level pulses for the trace on 
the TV screen (see the description of 
the basic version, figure 4c), so that a 
trace only appears on the TV screen 
when one of the memories is actually in 
its display cycle. Between display 
cycles, the trace is blanked. 

The second signal initiated by the 
positive-going edge of ux is the display 
clock pulse train. As explained last mon 
month, this signal must be fed to the 
two memories alternately — each in turn 
being used as display memory — and for 
this reason these (relatively low fre- 
quency) clock pulses appear in alternate 
bursts on the 91 and 92 lines. 

When one memory (for each channel) is 
in the display mode, the other is ‘storing’ 
the input signal. This ‘read’ cycle is 
initiated by the first trigger pulse, utr, 
after the reset pulse. A control signal to 
the input timebase, ugt (‘enable time- 
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base’), goes positive. The input timebase 
clock generator starts on the positive- 
going edge of ugt and produces a rapid 
burst of clock pulses, alternately on the 
@1 and @2 lines. As in a conventional 
scope, this facility is included in order 
to obtain a stable display — independent 
of input frequency. 

Having surveyed the basic principles 
involved, it is now time to discuss the 
necessary circuits in greater detail. 


Trigger circuit 

The trigger circuit is shown in figure 4. 
A three-way switch selects the desired 
trigger input: either of the two input 
signals to the TV scope, or an indepen- 
dent trigger input. If either of the two 


Y-inputs to the scope is selected, a 
signal at ‘standard level’ is required. This 
signal, uz, is derived from the input 
amplifier(s) of the TV_ scope — see 
‘TV scope - basic version’, figure 2 on 
page 10-31. 

Depending on the type of signal selected, 
either AC or DC coupling may give 
better results. Switch $2, bridging C1, is 
used to select the desired option. IC1 
boosts the input signal to a level suitable 
for the comparator stage, IC2. This 
comparator refers the input signal level 
to a DC voltage set by the ‘trigger level’ 
potentiometer. If the (amplified) input 
signal exceeds the preset level, the 
output of IC2 goes high (see figure 2) 
— note that IC1 inverts the input signal! 
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As long as trigger pulses are appearing at 
regular intervals, LED D2 lights (‘trig’d). 
The output signal, utr, is fed to the 
control circuit on the memory board. 
The printed circuit board for the trigger 
circuit contains one further control: 
potentiometer P2, ‘trace distance’. This 
control has nothing to do with the 
trigger circuit, but it happened to fit 
neatly at this point on the front panel. 
The function of this control will be 
described further on. 

The trigger circuit and the trace distance 
control are both mounted on the board 
shown in figure 5. The ‘AC/DC’ switch 
S2 and capacitor Cl are mounted 
off-board. Basically, of course, any LED 
can be used for D2, However, the neatest 


tv scope 
basic version 


79025 1 


Figure 1. Block diagram of the TV scope 
extended version. The shaded sections are 
the extension circuits. 


Figure 2. Trigger pulses (ug) occur when the 
‘trigger source’ signal exceeds the ‘trigger 
level’. 
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Figure 3. The relationships between the 
various in- and output signals of the control 
circuit. 


Figure 4. The trigger circuit, which derives the 
Uty pulses from the analogue ‘trigger source’ 
input. The corresponding printed circuit 
board also contains the ‘trace distance’ 
control, P2, since it happens to fit neatly at 
this point on the front panel. 


Figure 5. The ‘trigger board’ (EPS 9969-2). 
All components shown in figure 4, with the 
exception of S2 and C1, are mounted on this 
board; the miniature LED, D2, is mounted on 
the copper side of the board. 


Figure 6. The input timebase is a CMOS 
square-wave generator; the frequency is 
determined by a selector switch and a fine 
frequency control. The remaining gate in the 
same IC, N4, is used to derive the uy pulses 
from the Uyeset signal. 


15 V/25 mA 


79025 4 


15 V/22 mA 


result is obtained if a 3mm@ green 
LED is used; if it is mounted on the 
copper side of the board it will fit in the 
corresponding hole in the front panel. 


Input timebase 


The input timebase is the generator for 
the input clock signal, Usample. The 
frequency of this signal determines the 
sampling rate of the input signal(s) to 
the TV scope. As described earlier, 
Usample is a square-wave signal at twice 
the frequency required for sampling and 
storing the input signal(s). 

The circuit of the input timebase is 
given in figure 6. The upper portion of 
this diagram is the clock generator 
proper. This is a CMOS multivibrator, 


the frequency of which can be selected 
by means of the six-way switch 82; fine 
control of the output frequency is 
provided by the ‘time/div’ poten- 
tiometer, P1. The clock frequency can 
be varied between approximately 32 kHz 
(S2 in position 6) and 1.6 MHz (S2 in 
position 1). The exact values will be 
given in the calibration procedure. 

It was mentioned earlier that the input 
timebase is started and stopped under 
control of the ue signal. In practice, 
two options are provided: timebase 
synchronised to the trigger pulses 


(S1 in position ‘trigger’) or timebase 
running continuously (S1 in position 
‘free run’). 

As in the case of the trigger circuit, the 


‘input timebase’ printed circuit board 
actually contains a further circuit that 
has nothing to do with the timebase 
proper. N4, with its associated com- 
ponents, derives the uy signal from the 
Uyeset Signal from the main board of the 
basic version. As illustrated in figure 3, 
ux determines the beginning of each 
display cycle. Effectively, therefore, it 
determines the position of the display 
along the ‘time’ axis. Reasonably 
enough, the potentiometer that deter- 
mines the length of the uy pulse is 
labelled ‘x-pos’ for ‘x-position’ (P8). 
Both output signals from the input 
timebase p.c. board are fed to the 
‘memory board’, 

A printed circuit board and component 
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Parts list trigger circuit 


Resistors: 

R1,R3 = 100 k 

R2= 390k 

R4 = 4k7 

R5,R6 = 10k 

R7 = 680 k 

R8=472 

RO = 3302 

P41 = 2k2 (2k5) lin 
potentiometer 

P2= 22 k (25k) lin 
potentiometer 


Capacitors: 

C1=100n 

C2,C3 = 1 w/25 V tantalum 
C4 = 3p3 

C5=100p 

C6=14u 


Semiconductors: 

(C1 = 741 

1C2 = 709 

D1 = DUS 

D2 = LED (3 mm, green) 


* Sundries: 
S1 = 1-pole, 3-way switch 
S2 = single-pole, 
single-throw switch 


N1...N4=1C1 = 4093 


L 


layout for the input timebase and 
x-position circuit are given in figure 7. 
Switch S1 is mounted off-board. The 
adjustment procedure for the six preset 
potentiometers will be described later. 
Meanwhile, as with almost any other 
circuit, it is advisable to set all presets to 
the mid-position for the time being. 


Memory board 

It was already fairly clear from the 
block diagram shown in figure 1: most 
of the extension circuits for the 
TV scope are contained on one board. 
The ‘memory board’. Two circuits are 
mounted on this p.c. board: the control 
circuit (figure 8a) for the memories, and 
the bucket-brigade memories with their 


Usample 


15 V/20 mA 


associated circuitry (figure 8b). 

The control circuit is a fairly straight- 
forward logic circuit using CMOS ICs. 
Like most logic circuits (and in contrast 
to most analogue circuits) it receives a 
multitude of input signals and produces 
a similar plethora of outputs. From the 
main board (basic version) it receives 
three timing signals, Q3, Q4 and Quy, 
and uryeset (both in normal and in 
inverted format); the input timebase 
provides both ux and Usample, deter- 
mining the start of the display and the 
sample-rate of the store cycles, respect- 
ively; finally, the trigger circuit provides 
a signal, uty, which determines the start 
of the store cycle. 

From these input signals, the control 


circuit derives several output signals. 
The clock signals for the bucket-brigade 
memories, 1 and $2, both non-inverted 
and inverted (@1 and 92) and the mode 
signal, uy, plus its inverted form (Um). 
In addition to these six control signals 
for the memories, two further outputs 
must be obtained: ugate, Which controls 
the white-level pulse gate on the main 
board, as described earlier; and uet, 
which enables the clock generator on 
the input timebase board. 

Operation of this part of the extension 
circuit can be considerably simplified by 
referring to the pulse diagram shown in 
figure 3. This diagram shows the re- 
quired relationships between half the 
input signals to the control circuit and 
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Table 1 


DC test voltages at the points indicated in 
figure 8b 


Note that these voltages apply after initial 
adjustment has been completed — see text. 


DC voltage 


a i P4 on the corresponding 
input amplifier board 


P2, P2' 


Table 2 


main board | 9968-2 


Modifications to the basic version 


board no. 


4c &6, 
pages 10-33 
& 10-34 


original new 
gure no.s | component | value value 
i 9968-1 2&3, 22k 
amplifier pages 10-31 
& 10-32 220k 


remove the wire link 
marked between ug and + 
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Figure 7. The ‘input timebase board’ 
(EPS 9969-3). The components shown in 
figure 6, with the exception of S1, are 
mounted on this board. 


Parts list input timebase 


Resistors: 

R1= 22k 

R2= 100k 

P1 = 47k (50k) lin 
potentiometer 

P2...P7= 47k (50k) preset 

P8 = 100 k lin potentiometer 


Capacitors: 
C1=18p 
C2=100p 
C3 = 560 p 
C4=100n 
C5=22n 


Semiconductors: 
1C1 = CD 4093 


Sundries: 
S1 = 1-pole, 2-way switch 
$2 = 2-pole, 6-way switch 


all its outputs (bearing in mind that 
several of these signals are present or 
required in both inverted and non- 
inverted form). 

Starting at the top of figure 3, it is clear 
that the mode signal, uy, must change 
state at each reset pulse, Uyeset. The 
latter signal is derived from the main 
board of the basic version; it consists of 
one pulse at the end of each frame 
period. This signal is fed to the clock 
input of FF1, Each reset pulse will 
therefore cause this flip-flop to ‘toggle’. 
The Q and Q outputs of FF 1 are brought 
out as the mode signals uy, and Uy; as 
described earlier, these signals determine 
the ‘mode’ of the bucket-brigade 
memories —in other words, whether 
they are in the ‘read’ or ‘display’ cycle. 
The following signals shown in figure 3 
are related to the ‘display’ cycle. When 
Ux goes positive (the delay with respect 
to the uyeset pulse being determined by 
the setting of the ‘x-pos’ potentiometer 
on the input timebase board) the display 
cycle must start. To understand the 
operation of the control circuit during 
this cycle, we must first side-track 
briefly and consider the control signals 
Qs and Q, and the function of IC5. 

IC5 (and IC3, of which more later) is a 
14-bit binary counter. Only 8 bits are 
actually used in this circuit, the output 
being taken from the Qg pin, so that the 
maximum count corresponds to 
256 clock pulses. These pulses are 
derived, via N9 and S1, from either the 
Q3 or the Q4 output of the main board. 
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Table 3 
Interconnections between boards for the extended version 


insulated wire 


signal/ remarks 


main board video mixer 


< 
s\5 
Soiitcr 
a & 
Oo 


wire link on 
main board 


main board main board 


Utb/uf 


input timebase 


input taba 


oe 


input timebase “free run’ 
switch 
Uet ‘free run memory board 
switch 


all boards 


supply case connected to 
supply common 


all boards note Ra, Rp, Ca, Cb 


+15 V video mixer LED D3 
+15 V input timebase ‘free run’ 
switch 
-15V all boards, 
with exception of TV modulator 
mains mains input transformer via fuse and mains 
connection switch, twisted 
[sioner | Tee one ae | 
Ya input Ya input amplifier | via AC/DC switch 
Yb input Yb input amplifier | via AC/DC switch 
input 
[Ya | valnput 50] emory board 
rs 


memory board 


memory board 


c 
8 
3 
o. 
o 


leis 
D | |io 
8/8 |lg 
& 18 |/8 


Bx o|ojo 
a <|<|< 
< 


screened cable 


Ushb amplifier 

Uta Ya input trigger circuit 
amplifier 

Utb Yb input 


trigger circuit 
amplifier 


Utr trigger circuit memory board 
‘ext. trigger’ ext. trigg. input | trigger circuit 
$2 (AC/DC trigger circuit two connections, 


trigger) see figure 10 


Yoaluya main board 


memory board 


Uvideo video mixer tv modulator 


tv modulator video output 


VHF/UHF output 


Uvideo 


VHF/UHF 
O3 

Qy 

Q3/Q4 


tv modulator 


main board *x-magn.’ switch 


*x-magn.’ memory board 


switch 


With S1 in position | (‘x magnitude’ is 
x 1’), the Q3 output is selected. The 
frequency of the pulses at this output 
corresponds to the frequency of the 
sawtooth voltage Uyef on the main 
board. The result is that the display 
cycle of the selected memory, the count 
in ICS, and the final display on the 
TV screen all run in step: each sample 
value in the memory is displayed at one 
point on the screen. When S1 is placed 
in position 2, however, the Q, output is 
selected —the frequency of which is 
half that of the uyef sawtooth. In this 
case, the memory is read out at half the 
speed of the display sweep, so that each 
value stored in memory is actually 
displayed as a dot on two consecutive 
lines in the picture. This results in a 
final display that is ‘stretched’ along the 
time axis. f 

During each display cycle, the selected 
pulses (either from Q3 of Q4) are passed 
through N7/N14 or N8/N15 — depending 
on the logic levels of uy and Um — to 
either the 91 or 02 output. The inverted 
signals, which are also required for 
clocking the bucket-brigade memories, 
are obtained from N19 and N20. 

Going back now to the ux input, the 
operation of the control circuit during 
the display cycle can be clarified. 
Initially, ux was low, holding ICS in the 
reset condition and blocking the Q3 or 
Qy pulses at N9. When ux goes high, N9 
is freed and passes the pulses — both to 
the (1 or 92 output, as described above, 
and to the clock input of IC5. After 
256 pulses have been passed, IC5 
reaches its maximum count; via N18 
and N10 it again blocks N9, cutting off 
the pulse train. The count is stopped, 
and no further pulses are fed to the 
‘display’ memory. 

One other signal is required during the 
display period: ugate which controls 
N15 in the circuit for deriving the 
white-level pulses for the trace display 
(see figure 4c in the article ‘TV scope, 
basic version’). This signal must be 
‘high’ when the display memory is 
actually being read out, and low at all 
other times. A suitable signal is already 
being used to control N9, and it is fed 
out via an RC-network (R1/C1) which 
introduces a slight delay to compensate 
for a similar delay caused by the low- 
pass filters at the output of the memory. 
When one memory is in the display 
cycle, the other is sampling the input 
signal. This ‘read cycle’ is similar in 
many ways to the display cycle. A pulse 
at the iyeset input resets the RS flip- 
flop N5/N6 (the Q output goes ‘low’); 
the ugt output is then also low. The 
Qi; signal from the main board is also 
low after the reset pulse, so the output 
of NI is high, enabling N3. A positive- 
going edge at the uty input is differen- 
tiated by C2 and R2, causing the output 
of N3 to go ‘high’ briefly. This, in turn, 
sets the flip-flop (N5/N6); in other 
words, its Q output goes ‘high’ on the 
first positive edge occurring at the utr 
input after the reset pulse. This causes 
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the output of N11 (the uet signal) to go 
high, starting the input timebase oscil- 
lator (figure 6). The output from the 
latter, Usample, is passed through a 
flip/flop (FF2) to obtain the input 
clock pulses. Depending on the mode 
signal, this pulse train is either fed to 
the 91 or @2 output to clock the mem- 
ory which is in the ‘read’ mode, Simul- 
taneously, the pulses are counted by 
IC3; when this reaches its maximum 
count of 256, its output goes high. This 
causes the uet output to go low, stop- 
ping the timebase oscillator and, with 
that, the ‘read’ cycle. 

In the absence of trigger pulses, no 
‘read’ cycle would normally occur. How- 
ever, approximately halfway through 
the total period Q,; goes high. This has 
the same effect as a trigger pulse, 
enabling the input timebase to initiate a 
read cycle. Effectively, the scope 
switches over to a ‘free run’ mode in the 
absence of trigger pulses. 

So much for the control circuit. Not 
surprisingly, the second part of the 
‘memory board’ contains the memories 
(figure 8b). The portions enclosed 
within dotted lines are identical: the 
upper section is for the A-channel and 
the lower for the yp input. The latter 
section can, of course, be omitted if 
only a single-channel scope is required. 
The heart of the circuit is IC9. This 
contains two independent bucket- 
brigade delay lines, each with_512 
‘buckets’. Clock signals @1 and @1 are 
fed to one of these delay lines; 02 and 
@2 are used to clock the other. In 


Figure 8. Two closely related circuits are 
mounted on the ‘memory board’: the control 
circuit (figure 8a) and the memory circuit 
proper (figure 8b). For a two-channel version 
of the scope, two memory circuits are re- 
quired; in figure 8b both of these circuits are 
shown in full. 


Principle, both delay lines could receive 
the same input signal; in practice, 
however, Ugh (for ‘shifted) is not quite 
identical to uy. As is apparent from the 
circuit of the input amplifier (figure 2 in 
the article dealing with the basic version 
—see page 10-31 in the October issue), 
both the signal amplitude and the 
superimposed DC level of the ugh signal 
can be varied slightly with respect to uy. 
This is done to compensate for any 
minor differences between the two 
delay lines, as will be described for the 
calibration procedure. 

The two delay lines in IC9 each have 
two outputs. Mixing these two outputs 
in a resistor network helps to suppress 
the clock components, providing a total 
analogue output (at point 3 or 4, 
respectively) that is relatively ‘clean’, 
Under control from the ‘mode’ signals 
(um and Um), the analogue switches 
contained in IC10 select one of the two 
memory outputs for display purposes. 
The ‘unwanted’ output is connected 
unceremoniously to ground. 

The selected output is fed through a 
sixth-order low-pass filter, Al ...A3, 
with a turnover frequency of 2.5 kHz. 
This frequency corresponds to the 
highest frequency the basic version of 
the TV scope can be expected to display. 
At the end of the chain (at point 5) a 
clean, time-expanded replica of the 
original analogue input signal is now 
available for display purposes. Or rather, 
not quite. The A-channel output is 
amplified slightly (approximately times 
three) and a DC component is added to 
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Table 4 


Supply currents (mA) 


input amplifier* 
main board 
video mixer 
memory board 


trigger circuit 
input timebase 
VHF/UHF 

TV modulator 
sync circuit** 


* two required for two-channel version of TV scope 
** only required for basic version of TV scope 


Parts list memory board 


Resistors: 

R1=33k 

R2= 22k 

R3,R3',R4,R4',R7,R7', 
R8,R8’ = 470 2 

R5,R5’,R6,R6’,RI,RY’, 
R10,R10',R29,R29', 
R30,R30' = 1k 

R11,R11',R12,R12', 


R14...R16,R14'.,. R16’, 
R18...R20,R18’,.. R20’, 
R22,R22'= 10k 
R13,R13’,R17,R17', 
R21,R21'= 15k 


R23,R23',R25,R25’ = 100 k 
R24,R26 = 270 k 

R24‘ = 330k 

R27 = 1M5 

R28,R28' = 102 

P1'= 10k preset 

P2,P2' = 47 k (50 k) preset 


Capacitors: 
C1,C12,C12'=10n 
C2=47p 
C3,C4,C6 = 22n 
C5,C7,C14,C14’, 
C15,C15'= 100n 
C8,C8’,C10,C10' = 6n8 
C9,C9',C11,C11' = 2n2 
C13,C13’=1n 
C16,C17 = 100 #/16 V 


Semiconductors: 
D1,D1',D2,D2' = DUS 
1€1,1C2,IC7 = CD 4011 
1C3,1C5 = CD 4020 

1C4 = CD 4013 

IC6 = CD 4081 

1C8 = CD 4049 

1C9,1C9‘ = SAD 1024 (Reticon) 
1C10,1C10’ = CD 4066 
1C11,1C11’ = LM 324 


Sundries: 
S1 = single-pole, 
single-throw switch 
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Figure 9. The ‘memory board’ (EPS 9969-1). 
Insulated wire should be used for the wire 
links wherever there is any danger of inadver- 
tent short circuits. Furthermore, the resistors 
are mounted ‘on end’ in order to keep the size 
of the board within reasonable limits. 


Table 5 


pin no. 
13 

4 

2 

3 

3 

6 


produce the final output, ugg, which is 
fed to the input of the main board. The 
output of the B-channel undergoes 
similar treatment, with one minor 
difference. The fixed gain is slightly 
greater (R24? is slightly larger than R24), 
but this output level can be reduced by 
means of P1’. In effect, therefore, the 
total gain at the output of the B-channel 
can be adjusted to compensate for any 
minor differences in the attenuation 
caused by all the preceding stages. The 
adjustable DC shift set by P2 brings the 
output level into line with the sawtooth 
reference voltage on the main board. 
One last point remains to be discussed: 
the ‘trace distance’ control, P2 in 
figure 4, which was mentioned briefly in 
connection with the board for the 
trigger circuit. The DC output from this 
potentiometer, uq, is connected via R26 
and R27 to the non-inverting input of 
the A-channel output amplifier and the 
inverting input of its partner in the 
B-channel. The term ‘trace distance’ 
aptly describes the function of this 
control: it shifts the two traces in 
opposite directions on the screen. At 
one end of the control range, the two 
traces will overlap (useful for com- 
parison of minor differences between 
the two), whereas at the other end of 
the range the two traces are each 
approximately centered on their own 
half of the screen. 

All the circuits shown in figures 8a and 
8b are mounted on a single p.c. board, 
the memory board, as given in figure 9. 
In order to pack such a large number of 
components on a relatively small, single- 
sided board, the ease of construction 
has had to be sacrificed to some extent. 
Insulated wire will be required for 


Calibration data for the input timebase (see text) 


number of |fsample 


480 Hz 
960 Hz 
1.92 kHz 
3.84 kHz 
3.84 kHz 
15,38 kHz 


| _ calibration signal —_| [__calibration signal__| 


1599 kHz 


several of the wire links, to avoid the 
possibility of highly undesirable short 
circuits. Furthermore, in marked con- 
trast to most Elektor boards, the 
resistors are mounted ‘on end’ and care 
should be taken to avoid shorts between 
the long connections to adjacent re- 
sistors. Switch $1 (‘x magn’) is mounted 
off board, as shown in figure 10. 

The components for the B-channel 
normally have the same values as their 
opposite numbers in the A-channel (e.g. 
R3 = R3’= 470 Q). There are two ex- 
ceptions to this rule: R24 (A-channel) 
= 270k, whereas R24’ (B-channel) 
= 330k; furthermore, preset PI’ 
(B-channel) is not included in the 
A-channel circuit. If a single-channel 
version of the TV scope is required, all 
components for the B-channel may be 
omitted. 

For test purposes, some voltages at the 
various test points are listed in Table 1. 
Further details are given in the descrip- 
tion of the calibration procedure. 


All the bits... 


The three boards described in this 
article, together with those already 
described for the basic version, are all 
that is needed for the extended version 
of the TV scope. As an aid in procuring 
the necessary components, all the 
relevant parts lists have been com- 
pressed into one complete ‘bulk parts 
list’: 146 resistors, 10 potentiometers, 
20 preset potentiometers, 82 capacitors, 
34 ICs, 24 other semiconductors, 
11 switches and a few ‘sundries’. 

For each component value or type, the 
quantity required for the complete 
extended version of the scope (basic 
version plus extension circuits) is listed 
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in one column; a second column gives 
the quantities required for extending 
the basic scope. Both columns are valid 
for the complete two-channel TV scope. 
To avoid misunderstandings: in the first 
column (‘complete’), the componcats 
required for the UHF/VHF TV modu- 
lator are also listed (see the recent 
October issue, page 10-27). This was not 
the case in the bulk parts list for the 
basic version of the TV scope given in 
the October issue. 


Back to the basic version 


During extensive testing of the extended 
version of the TV scope, it was dis- 
covered that some samples of the 
analogue delay-line ICs exhibited notice- 
able anaomalies in their signal-storage 
characteristics. This effect is less appar- 
ent if larger signal levels are used. 

For this reason, one or two minor 
modifications of the basic version are 
required if it is to be used in conjunc- 
tion with the extension circuits. Note 
that there is no advantage in incor- 
porating these modifications in the basic 
scope if it is not to be extended 
—although they won’t do any harm, 
either. 

As shown in Table 2, three resistor 
values are changed: two in each y-input 
amplifier (four resistors in total for a 
two-channel scope) and one resistor on 
the main board. These components are 
included in the bulk parts list. 

The effect of the modifications in the 
input amplifier is to significantly 
increase its output level, making it more 
suitable for processing in the analogue 
delay lines. A minor disadvantage is a 
slight reduction in bandwidth: — 6 dB at 
100 kHz, instead of the original — 3 dB. 
Since the input signal to the main board 
is now at a higher level, the amplitude 
of the reference sawtooth must be 
increased in step. This is accomplished 
by modifying the value of one resistor 
on the main board. 


Construction 

The connections between the various 
boards are shown in figure 10. The 
position of the boards corresponds to 
the lay-out of the front panel shown in 
figure 11. The front-panel controls are 
listed in Table 6, with a brief descrip- 
tion of their function. 

Construction of the complete unit is 
basically similar to that of the basic 
version, as described in the October 
issue. Suitable cases are available from 
West Hyde (type DES 306) and GSA 
(type V7004). As with the basic version, 
it is advisable to screen the more sensi- 
tive circuits (input amplifiers, trigger 
circuit, input timebase and video mixer) 
with strips of copper laminate board 
which can be soldered to the earth 
plane. 

The interconnections between the vari- 
ous boards are also listed in Table 3. For 
those connections which require 
screened cable, it should be noted that 
the screening is only connected to 
supply common at one end, to avoid 


Figure 11, Front panel layout for the ex- 
tended version of the TV scope. Table 6 lists 
the front-panel controls, with a brief descrip- 
tion of their function. 


Figure 12. A word of warning! The bucket- 
brigade delay-lines have a limited dynamic 
range, and excessively large input signals will 
be clipped, as shown here. 


Figure 13. Detail of the interior of the proto- 
type. To the left of the picture, the main 
supply regulators are mounted on the back 
panel. 
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ground loops. 

As shown in figure 10, the supplies to 
the input amplifiers are decoupled by 
means of two resistors, Ra and Rp 
(100 Q), and two electrolytic capacitors 
(Ca and Cp, 2204/16 V). These com- 
ponents are mounted ‘off board’, as 
shown. 

When comparing the basic version with 
the extended version, it may be noticed 
that’ the ‘reset’ output is omitted from 
the latter. This provision is not required 
in the extended version, since it has 
adequate triggering facilities. However, 
if the ‘reset’ output is already mounted 
there is no point in removing it. 

The two IC voltage regulators in the 
main supply should be adequately 
cooled, for instance by mounting them 
(with mica insulation!) on the back of 
the case. The main reason for this is to 
keep the heat out of the case: exper- 
iments have shown that the perform- 
ance of the bucket-brigade delay lines, 
in particular, deteriorates rapidly as the 
ambient temperature rises. There is no 
need to cool the regulator on the 
UHF/VHF modulator board. 

A further aid when constructing and 
testing the TV scope is the list of supply 
currents for the various circuits, given in 
Table 4. The current consumption of 
the complete TV scope (extended 
version, two-channel, including the 
VHF/UHF modulator) is approximately 
150mA from the positive supply 
(+15 V) and 55mA from the —15 V 
supply. 

Before applying power for the first 
time, it is advisable to first give the 
wiring a final ‘once-over’, checking for 
inadvertent short circuits. Some photos 
of the completed unit are given in 
figures 13...15. To play things safe, 
the supply can be connected to the 
various boards one at a time: first 
disconnect the output from the main 
supply, apply power and check the 
+15 V and —15 V outputs. The other 
boards are then connected to the supply 
one at a time, checking the supply 
current against Table 4. Differences of 
up to 10% are no cause for alarm. 

Once all the boards have been connec- 
ted up and checked in this way, it is 
time for the final step: the calibration 
procedure. 


Initial calibration 

In spite of the 20 presets involved, 
calibration of the TV scope is not too 
difficult. The only measuring equipment 
required is a standard universal meter, 
with a sensitivity of at least 10 kQ/V. 
The first step is to calibrate the com- 
ponents associated with the basic 
version of the TV scope. The relevant 
adjustment procedures were discussed in 
the article in the October issue. If one 
has already built and calibrated the 
basic version and is now adding the: 
extension circuits, the only adjustment 
affected by the component modifi- 
cations according to Table 2 is the 
setting of Pl on the main board. How- 
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ever, final adjustment of this preset is 
part of the calibration procedure about 
to be described. The setting of all other 
presets in the basic version remains 
unaltered, with the exception of P3 and 
P4 on the input amplifier board(s). 
These two potentiometers have no 
influence on the operation of the basic 
version, 

Having completed the adjustment pro- 
cedure outlined for the basic version, 
the next step is to adjust P4 in the input 
amplifier. For this initial (approximate) 
adjustment, no input signal is required. 
The controls of the y-amplifier are set as 
follows: ‘volts/div’ selector switch a 
10 V and corresponding potentiometer 
fully clockwise (‘cal’); ‘AC/DC’ switch 
in position ‘AC’. Initially, set P3 and P4 
in their mid-positions. Measure the 
voltage at test point 1 (or 1’) on the 
memory board, and adjust the ‘y-pos’ 
control to obtain 5.5 V at this point. 
Now measure the voltage at point 2 (2’) 
and adjust P4 until 5.5 V is obtained at 
this point also. This adjustment is 
sufficiently accurate for the time being. 
Operation of the bucket-brigade mem- 
ories can now be checked. To this end, 
the ‘trace distance’ control is turned 
fully anti-clockwise; the ‘time/div’ 
switch is set to 500 ws, and the corre- 
sponding potentiometer fully clockwise 
(‘cal’); the ‘trigger/free run’ switch is set 
to ‘free run’; all presets on the input 
timebase board are set to their mid- 
position. The voltages at test points 3 
and 4 (3? and 4’) should now be ap- 
proximately 3 V; furthermore, it should 
be possible to vary these voltages over a 
total range of about 1 V (e.g. from 
2.5 V to 3.5 V) by means of the ‘y-pos’ 
control. If this is the case, the memories 


are in working order. 

The next point to check is the voltage at 
point 5 (5’), This should be approxi- 
mately equal in value to the voltage at 
points 3 and 4 (3’ and 4’), but negative 
with respect to supply common. In 
other words, if the voltages at points 3 
and 4 are indeed 3 V, the voltage at 
point 5 should be approximately —3 V. 
This being the case, the next step is to 
measure the voltage at point 6 (6’) and 
set it to approximately +4 V by means 
of P2 (P2’). For the time being, P1’ is 
set to the mid-position. 

The output of the TV scope should now 
be connected to a TV receiver. Pl on 
the main board (basic version) is ad- 
justed until vertical lines appear that are 
not part of the calibration graticule, In 
principle, there should be four of these 
lines, but it is possible that one or more 
of them are actually off the screen. If 
this is the case, the missing lines can be 
brought into the picture by adjusting P2 
(P2’) on the memory board. 

One pair of lines is generated by the 
A-channel. This pair can be found by 
operating the corresponding ‘y-pos’ 
control: the lines can be shifted over a 
total range of approximately 4 scale 
divisions, or just less than half the width 
of the screen (the range is limited by the 
maximum output swing of the bucket- 
brigade memories). The  y-position 
controls for both channels are now set 
so that the corresponding vertical lines 
are mid-way between their two extreme 
positions. Finally, P4 on the input 
amplifier board(s) is adjusted until the 
corresponding pair of lines become one: 
the zero-volt line for that particular 
channel. 

This completes the initial setting-up 


TV scope — extended version 


Figure 14, Complete unit, with all wiring and 
screening panels in place. 


Figure 15. A 10kHz square-wave on an 
ancient TV set and a 20 kHz sine-wave on a 
more recent model... 


procedure; the next step is the final 
calibration. 


Final calibration 


If a dual-channel version of the scope is 
being calibrated, it is a good idea at this 
point to adjust P2’ on the memory 
board so that the zero-volts line for the 
B-channel is moved to the edge of the 
screen. For the present, the A-channel 
display is the only one which is of 
interest. 

The first step is to calibrate the input 
timebase. For this, a stable and accurate 
AC test signal is required. Fortunately, 
no expensive test equipment is required: 
a suitable signal can be derived from the 
TV scope itself. The input of the ya 
input amplifier is connected to pin 2 
(‘Q6’) of ICS on the main board (basic 
version). Since this is a digital IC and 
the relevant oscillator is  crystal- 
controlled, the signal at this point is 
known: it is a squarewave with a peak- 
to-peak amplitude of 15 V and a fre- 
quency of 1.92 kHz, corresponding to a 
period time of 520 us. 

With the ‘trigger source’ selector switch 
set to ‘yg’, it should now be possible to 
adjust the trigger level’ control so that 
the ‘trig’d’ LED lights. This adjustment 
is fairly critical. The ‘trigger/free run’ 
switch is now set in position ‘trigger’, 
whereupon a stable picture should 
appear on the screen. The square-wave 
trace can be moved horizontally and 
vertically across the screen by means of 
the ‘y-pos’ and ‘x-pos’ controls, respect- 
ively. Note that the y-position control 
should be adjusted so that the trace is 
centered in its range, as otherwise the 
signal will be clipped by the delay-lines. 
At this stage, the display will almost 
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Table 6 


Front-panel controls 


power 
signal intensity 
grid intensity 
X-pos 
time/div** 
x-magn 


trigger/free run 


trigger source si 


AC/DC $2 


* 


is in position ‘cal’, 


part no. figure no.* 


B14 mains switch 


intensity of trace 


trace position on x-axis 
x-axis scale 


E6 
of trigger signal 
selector switch for trigger signal 


E4 


trig'd D2 (LED)E4 indicator LED, lights if trigger, signal is present 

trigger level PI E4 reference level for signal selected as ‘trigger source’ 

trace distance P2 E4 sets distance between the two traces for A- and B-channel 
y-pos P2 B2 trace position on y-axis 

volts/div** S1,P1 B2 y-axis scale 


B2/E4 


Figure numbers preceded by the letter ‘B’ refer to figures in the article ‘TV scope, basic version’ 
in the October issue; figure numbers preceded by letter ‘E’ refer to figures in this article. 
** The values given for the various switch positions are only valid if the corresponding potentiometer 


intensity of calibration graticule 


1x‘: scale corresponds to that selected by ‘time/div’ 
switch; ‘2x': x-axis scale multiplied by 2 
trigger circuit enable; select ‘free run’ in absence 


AC or DC coupling of input signal at respective input 
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certainly consist of two square-waves, 
one corresponding to each of the delay- 
lines in the A-channel. The differences 
between the two signal paths can now 
be compensated, by means of presets P3 
and P4 in the A- input amplifier. The 
slight difference in gain between the 
two delay-lines can be compensated for 
by adjusting P3 until the amplitude of 
the two square-wave signals is identical; 
the varying DC shifts are brought into 
line by setting P4 so that both traces are 
symmetrical around the same centre-line 
—in other words, the y-position of both 
traces should be identical. Since these 
adjustments interact, this adjustment 
procedure must be repeated until no 
further improvement is obtained. 
Having reduced the display to a single 
square-wave signal, the next step is to 
calibrate the input timebase. With the 
‘time/div’ switch in position 500 ws and 
the corresponding potentiometer in 
position ‘cal’, one complete period of 
the square-wave should correspond to a 
fraction over one division — 520 ys is 
1.04 divisions. The preset potentiometer 
P5 on the input timebase board is 
adjusted until the correct period length 
is obtained, 

The ‘volts/div’ selector switch should 
still be set at ‘10 V’. This means that the 
15 V peak-to-peak square-wave should 
correspond to an amplitude of 1.5 
divisions. This result can be obtained by 
(re-) adjusting P1 on the main board of 
the basic version. It will be noticed that 
this adjustment also influences the 
y-position, but this shift can be compen- 
sated for by readjusting P2 on the 
memory board. 

The same adjustment procedure can 
now be carried out for the second (B-) 


channel, after first bringing the corre- 
sponding ‘zero-volts line’ back into the 
centre of the picture by re-adjusting P2” 
on the memory board. There is, how- 
ever, one difference in the calibration 
procedure: the amplitude setting (for 
1.5 horizontal divisions) is carried out 
by means of P1’ on the memory board, 
instead of using P1 on the main board. 
For the B-channel, the procedure can 
therefore be summed up briefly as 
follows: P3 and P4 on the B-channel 
input amplifier are adjusted until the 
two square-wave signals overlap; the 
timebase, obviously, needs no_ re- 
adjustment, since it is common to both 
channels; P 1’ on tlie memory board is so 
that the amplitude of the square-wave 
signal corresponds to 1.5 horizontal 
divisions; finally, P2’ on the memory 
board is adjusted to compensate for 
DC shift (y-position). 

Final adjustment of P2 and P2’ is now 
in order. The ‘trace distance’ control 
should still be set fully anti-clockwise 
(‘overlap’) and the ‘y-position’ controls 
are both set so that the corresponding 
traces (with no input signal applied) are 
midway between their two extreme 
positions, P2 and P2’ can now be 
adjusted so that the corresponding 
traces overlap in the exact centre of the 
screen. 

The remaining presets in the input time- 
base now require attention —P5 has 
already been adjusted. The other presets 
are calibrated in the same way — the 
‘trigger level’ control being manipulated 
to obtain a stationary display. Suitable 
calibration signals are derived from the 
TV scope itself, and the relevant preset 
on the input timebase board is adjusted 
until the correct period length is ob- 


Da 


tained. All timing signals are derived 
from IC5 on the main board, All rel- 
evant details are given in Table 5: the 
position of the ‘time/div’ selector 
switch; the corresponding preset poten- 
tiometer; the necessary calibration sig- 
nal, and the pin number (of IC5) from 
which this signal can be obtained; the 
frequency and period time of this signal; 
the number of divisions that corre- 
sponds with one complete period of this 
signal when the preset is correctly 
adjusted. The last column in this table 
gives the correct frequency (fsample) of 
the Usample signal, for the benefit of 
those who have access to a frequency 
counter: setting the ‘trigger/free run’ 
switch in position ‘free run’ causes the 
timebase oscillator to run continuously, 
so that it can be measured and cali- 
brated accurately without the need for 
recourse to calibration signals. For 
completeness’ sake, the calibration data 
for P5 are also listed in Table 5, even 
though this adjustment has already been 
completed at an earlier stage. 

A possible complication in the ‘2 ms/div’ 
position is that it may prove impossible 
to obtain a stationary display. The 
reason for this problem is that in this 
case the ‘read’ cycle may take so long 
that it overlaps the ‘display’ cycle — the 
memories are read out before they have 
been completely read in! In this case, 
triggering is not possible and the ‘trigger/ 
free run’ switch may as well be set in 
the ‘free run’ position. 

The adjustment of the input timebase 
was the last step in the calibration 
procedure. It may, however, prove 
useful to give all adjustments a final 
once-over. In particular, presets P3 and 
P4 in the input amplifiers may require 
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Bulk parts list for extended 
version of TV scope 

(two input amplifiers, main board, 
video mixer, input timebase, 
trigger circuit, memory board, 
VHF/UHF TV modulator and 
supply — note that the sync 
circuit is not required for the 
extend version) 

‘complete’ (second column) 
gives the total number of each 
component type required for the 
TV scope in extended version; 
‘extension only’ (third column) 
lists the components required to 
extend the basic version 


Resistors: 
value extension 


only 


complete 


102 
472 
68 2 
100 2 
1502 
2202 
270 2 
330 2 
470 Q 
820.2 
1k 
1k5 
2k2 
3k3 
4k7 
5k6 
6k8 
8k2 
10k 
12k 
15k 
18k 
22k 
33k 
47k 
82k 
100 k 1 
220k 
270k 
330 k 
390 k 
680 k 
820k 
1M5 
2M2 


-N 


N 


nN 
N=NSSFHNNTONWWNNNOHAH HBS SSSNOH SNH EH EH 


20 


=-34Nn 


Linear potentiometers: 


value complete extension 
only 

2k2 (2k5) 1 
10k 
22 k (25 k) 
47 k (50 k) 
100 k 
220 k 

(250 k) 1 
470k 

(500 k) 1 


1 
4 


Cindi 1Ol— 


Preset potentiometers: 


value complete extension 
only 
1k 2 
2k2 (2k5) 2 
4k7 (5 k) 2 
10k 4 
47 k (50 k) 10 8 


Capacitors: 


value extension 
only 


1 


complete 


3p3 
8p2 
15p 
18p 


Ny 
nN 
s) 
ce] 
saan ansss052n--N0= 


SP ORWRAN= 


14/25V 
tantalum 
2u2/25 V 
tantalum 1 
4u7/35 V 
tantalum 
100 4/16 V 
220 n/16 V 
470 u/35 V 


o 
N 


NNN= 
N 


minor re-adjustment after the ‘bucket- 
brigade’ ICs have warmed up. These 
chips have proved to be rather sensitive 
to changes in ambient temperature, with 
shifts in output level that vary from one 
sample to the next. This may result in 
trace flicker’ after the unit has warmed 


up (actually, two separate traces are. 


displayed very close together, giving a 
flickering effect) but this can be elim- 
inated by slight re-adjustment of P3 and 
P4. A good test signal for this final 
adjustment is a sine-wave with an 
amplitude of about three divisions on 
the screen. 


‘There’s a hole in the bucket’ 


The Reticon SAD1024 bucket-brigade 
delay-line is a useful IC, but it is in- 


tended primarily for audio reverberation 
systems. Tests have shown that a small 
percentage of these ICs contain one or 
more ‘leaky buckets’, Since, in the 
TV scope, the input signal is stored for a 
short time without being shifted, one or 
more of the input samples may remain 


in a leaky bucket for a relatively long | 


period. This results in noticeable ‘dips’ 
in the trace. For this reason, the signal 
level has been boosted (by means of the 
modifications listed in Table 2). The 


dips are now reduced, relative to the ‘ 


signal, to the point were they are no 
longer a nuisance. 

For the same reason it is advisable, if 
triggering is not required, to select the 
‘free run’ position (e.g. when measuring 
DC voltages). Since the timebase then 
runs continuously, the contents of the 


Semiconductors: 


type complete extension 
only 

CD 4011 2 (3)* 
CD 4012 
CD 4013 
CD 4017 
CD 4020 
CD 4040 
CD 4049 
CD 4066 
CD 4068 
CD 4071 
CD 4081 
CD 4093 
709 

741 

LM 324 
TLO84 
SAD 1024 
78L05 
7815 
7915 
TUN 

TUP 

BF 494 
BFY 90 
DUS 
1N4001 
1N4148 
LED 


1 


2 
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switches: 
type complete extension 
only 
single-pole, single-throw 4 2 
double-pole, single-throw 1 
double-pole mains switch 1 
single-pole, 3-way 2 2 
single-pole, 4-way 2 
2-pole, 6-way 1 


sundries (complete): 
4.433 MHz (colour TV) 
crystal 

27 MHz (approx.) crystal 
1 WH mini-choke 

100 mA fuse 

2x18 V/250 mA mains 
transformer 1 1 


* 2 off if the CD 4011 originally 
mounted on the sync board can 
be re-used on the memory board, 
otherwise 3 off. 


y 


memories are refreshed right up to the 
point where the display cycle starts, 
giving the best results. 


Litterature: 

Elektor, May 1978, P.5-20: ‘TV scope 

using bucket-brigade memory’; 

ELlektor, October 1978: 

— page 10-03: ‘an introduction to the 
TV scope’, 

— page 10-30: ‘TV scope, basic version’; 

— page 10-27: ‘VHF/UHF TV modu- 
lator’; 

— page 10-44: ‘analogue reverberation 
unit’; 

Elektor, November 1978, page 11-25: 

‘extending the TV scope’. i 


extending the elektor piano 


elektor december 1978 — 12-51 


Although the compass of the 
Elektor piano which was published 
in September of this year 
(Elektor No. 41) originally 
covered only five octaves, it was 
stated then that thanks to its 
modular design, it could be easily 
extended to span 6, 7 or even 

8 octaves. Judging by the reaction 
from our readers, it does in fact 
appear that there is a considerable 
interest in an electronic piano 
with a full 8-octave compass, i.e. 
ninety-six keys and a fundamental 
frequency range extending from 
17.4 to 4148 Hz. For this reason 
the following short article 
provides readers with details of 
the changes in component values 
and of the additions to the filter 
circuits which will be required to 
extend the compass of the Elektor 
piano. 


A13,A14,A15 = 741 of 1/4 TL 074, 1/4 TL 084 


1/4 R4212 


TL.074,TL084,xR 4212: ®= $4 (Us) 
Oz 1 (Ur) 

741: ©: 7 (U3) 

= $4 (Uz) 


79022-1 


junction of 
R6/R12/R37 


junction of 
R30/R56/R58 
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extending the eléktor piano 


Firstly there is the question of the values 
of the discharge resistors R1 through 
R12 on the extra octave boards 
(EPS 9981). For the highest octave, i.e. 
octave 8, Rl through R6 = 100k, and 
R7 through R12 = 120 k. For octave 6, 
the second lowest octave, R1 through 
R6 = 1 M, and R7 through R12 = 1M2, 
whilst for octave 7, the lowest octave, 
R1 through R6 = 1M5, and R7 through 
R12= 1M8. 

The original board layout for the filter 
circuits (EPS 9981) was designed for the 
5-octave version. Thus, depending on 
however many extra octaves are re- 
quired, it will be necessary to incorpor- 
ate one or more of the additional filter 
circuits shown in figure 1. These will, of 79022 3 
course, have to be mounted on, e.g. a 
small piece of Veroboard, and housed 
in the vicinity of the filter board proper. 
This seems a useful opportunity to 


I 


f 
(100%) 
TIO 


(octaves 2... 7) 


Ta 
octave 1 are 


mention an interesting possibility for 
those readers who, without wishing to 
redesign the voicing circuits, might like 
to experiment with altering the sound 
of the original piano. The following tip 
has been received from a Dutch reader, 
a Mr. Hulshoff from Rotterdam, who 
recommends introducing even harmonics 
(the second, fourth, sixth harmonic etc. 
of the fundamental) into the squarewave 
outputs of the master tone generator, 
which being symmetrical, are presently 
composed only of the fundamental and 
a number of odd harmonics. 

With the aid of the resistor network 
shown in figure 2, the master tone 
generator outputs are not fed straight to 
the corresponding inputs of the keying 
circuits; rather they are summed with 
one, or in most cases, two squarewave 
signals which successively have twice the 
frequency but half the amplitude of the 


octave 1 


EPS 9915 


octave 2 


octave 3 


= 


octave 8 


octave 7 91 


octave 6 79 
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extending the elektor piano 


key number number... of octave... 
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mM Nenke key number number... ofoctave... X Y Z y 


RE RIG elSl tot 
cal eta eth a eS Th a 


FERRE LRP 


73 1 6 73 61 49 
74 2 6 74 62 50 
75 3 6 75 63. 51 
76 4 6 76 64 52 
77 5 6 77 65 53 
78 6 6 78 66 54 
79 7 6 79 67 55 
80 8 6 80 68 56 
81 9 6 81 69 57 
82 10 6 82 70 58 
83 1 6 83 71 59 
84 12 6 84 72 60 
85 1 Zh 85 73 61 
86 2 7 86 74 62 
87 3 7 87 75 63 
88 4 u 88 76 64 
89 5 7 89 77 65 
90 6 Zi 90 78 66 
91 vA u 91 79 67 
92 8 te 92 80 68 
93 9 wv 93 81 69 
94 10 if 94 82 70 
95 1 7 95 83 71 
96 12 a 96 84 72 


N.B. 1 A standard upright piano keyboard extends from 
key 4 up to and including key 88. 


N.B. 2 The shaded section of the table covers those keys 
included in the 5-octave version of the piano. 


original squarewave. As figure 3 clearly 
shows, the result is a staircase waveform 
which has a high proportion of even 
harmonics. (Obviously, in the case of 
octave 1, i.e. the second highest octave, 
it is only possible to sum the corre- 
sponding master tone generator outputs 
with one signal of twice the frequency, 
ie. that of octave 8 — the highest octave, 
whilst in the case of octave 8 itself, the 


above procedure is impossible). Finally, to prevent any lingering con- 
The connection points X, Y and Z, for | fusion figure 4 once more shows the 
the resistor network of figure 2 are | component layout of the board for the 
given in the accompanying table. As is | master tone generator. As most readers 
apparent, each note is accorded both a | soon spotted the original layout on 
key number (a procedure which was | page 9-11 of Elektor 41 transposed the 
necessary to simplify the figure on | indications for notes 1 to 12 on all but 
page 9-10, Elektor 41), an octave num- | octave 4. However this fault does not 
ber (1...8) and a number which indi- | appear on the actual boards. i 
cates its position in the octave. 


missin, 
link 


Modifications to 

Additions to 

Improvements on 
Corrections in 

Circuits published in Elektor 


Digital reverberation unit 

Elektor 37, May 1978, p. 5-08. 
Three possible pin-compatible 
equivalents are listed for the 
1024-bit shift register. However, 
when using the MMS5058 the dissi- 
pation may in some cases be on 
the high side. The reason for this 
is the clock pulse level: 12 V top- 
top, whereas this particular IC is 
quite happy with only 5V. A 
simple circuit modification (only 
required if the MMS058 is used!) 
is given below. 


FET audio amplifier 

Summer Circuits 1978, circuit 
no. 39. Components C5, C7, R14 
and D9 are shown in the circuit as 
connected to supply common. 
However, they should be connec- 
ted to the R7/R25 junction, as 
shown in the diagram below. 


ASCII keyboard 
November 1978, 


page 11-06. 
The parts list should read: 
R1 = 680 k; R2 = 100 k. The 
keyboard switches are listed as 
type MM9; the full type number 
is MM9-2. In Table 3, the last few 
lines are incorrect. The corrected 
section of the table is given below. 


CTL+ M= CR (CARRIAGE RETURN) 


CTL+H = BS (BACK SPACE) 
CTL+[ = ESC(ESCAPE) 
CTL+ J 
CTL+ Z = SUB 

R= 


Fs (FILE SEPERATOR) 


CMOS FSK modulator 
Summer Circuits 1978, 


circuit 
no. 72. The reset connection of 
the 4020 (C1) should be connec- 
ted to supply common, instead of 
to positive supply. 


Master tone generator 

September 1978, page 9-09. The 
M 087 is an SGS/ATES type; not 
Motorola, as stated in the article. 
Our apologies for any incon- 
venience this may have caused. 


Databus buffer 

October 1978, page 10-18. On the 
component layout (figure 3) the 
“+ and ‘0’ supply connections are 
transposed: the ‘+ connection 
runs along the outer edge of the 
board to pins 20 of IC1 and IC2. 


Tag! 

November 1978, page 11-12. P3 
should be a 2k2 (or 2k5) linear 
potentiometer. 


Ring the bell and win a prize! 
November 1978, page 11-22. The 
output voltage Up, referred to at 
several points in the text, is 
present at the emitter of T2 
(point ‘M’). Furthermore, the 
component numbers given in the 
parts list are incorrect; the cor- 
rected list reads: 


Resistors: 

R1,R4,R19,R20,R22= 10k 

R2,R8,R9,R10,R12, 
R17,R21 = 100 k 

R3 = 33k 

R5,RG = 2k2 

R7 = 220k 

R11,R14,R15=1k 

R13 = 180 k 

R16,R18 = 15k 

R23 = 2202 

P1,P3,P4 = 100 k preset 

P2=10klin 


Capacitors: 
C1,C7,C8 = 100n 
C2,C5 = 4n7 

C3 = 15/16 V 
C4 = 100/16 V 
C6,C9 = 220n 


CR + erasure to end of line 
cursor < 

scroll up 

CR (carriage return) 
without erasure 

erasure of current line 
home cursor 
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Mini push button memory-enable input and the 
switches 3-state data outputs allow 


A range of miniature snap-action 
push button switches, designed 
for printed circuit board 
mounting on a 0.1 inch 

(2.54 mm) hole grid, is now 
available from Impectron Ltd. 
Switches in the Petrick 320 range 
feature attractive, ergonomically 
designed faces and a positive snap 
or rocker action. Single pole 
press-to-break and changeover 
configurations are all available as 
standard, and an LED indicator 
can be incorporated to provide 
visual warning of function 
selected. 


The basic body size of all types is 
12.4 x 12.4x 7.5 mm (approx. 
0.5 x 0.5 x 0.3 inches) with 4 mm 
(0.16 in) long connection tags. 
The selected push button or 
rocker action will add a further 

5 mm to body depth. This space 
saving design allows very compact 
keyboards and control panels to 
be constructed economically. 
Switches may also be mounted in 
line or block format to form key 
sets with mechanical interlocking 
and release mechanisms. 

Despite their small size the 
switches are capable of handling 
up to 25 mA at 50 V DC. Contact 
resistance is less than 20 milli- 
ohms and operational life is in 
excess of 105 operations at full 
load, Operating temperatures 
range is —25° to +75°C. 
Impectron Limited, 

Impectron House, 

23-31 King Street, 

London W3 9LH 


(984 M) 


C-MOS 64-bit memory 


RCA Solid State has introduced a 
new complimentary MOS 64-bit 
random-access memory, the 
CD40114B, which is equivalent 
to, and pin-compatible with, 
industry-standard TTL types such 
as the 7489, but offers the 
additional C-MOS advantages of 
low power consumption, high 
noise immunity and wide supply 
voltage range (20 V rating). The 
CD40114B is equivalent to the 
C-MOS type 74C89. 

The CD40114B isa 

16-word x 4-bit random-access 
memory with four address inputs, 
four data inputs a ‘write-enable’ 
input, a ‘memory-enable’ input, 
and four 3-state data outputs. The 


memory expansion, and the four 
address inputs are decoded 
internally to select one of the 16 
possible word locations. 

An input address latch facility is 
included; the address information 
is latched on the negative edge of 
the memory-enable input by an 
internal address register. The 
selected output assumes a high- 
impedance condition when the 
device is writing or disabled. 
RCA Solid State, 
Sunbury-on-Thames, 

Middlesex, TW16 7HW 


(981 M) 


DC/DC converters 


Gresham Lion Limited have 
added a further series of 
miniature encapsulated DC/DC 
converter units to its popular 
GEMINI range. Designated the 
Gemini 800 Series, the new 
additions will extend the existing 
range by 24 units, making it one 
of the most comprehensive 
currently available. 


The 800 series consists of 16 
single output and eight dual 
output Converters operating from 
nominal DC inputs of 5, 12, 24 or 
28 volts. Designed to operate over 
wide input voltage ranges, these 
10 and 12 watt units provide 
excellent line/load regulation and 
high efficiency (65% typical) even 
with output loads as low as 10% 
of rated output. 

All models employ Pi-type input 
filters to minimize reflected input 
ripple current. EMI/RFI protec- 
tion is provided through complete 
six-sided continuous shielding 
incorporated into the design of 
each unit. In addition, all units in 
the range feature output current 
limiting and output short-circuit 
protection for up to eight hours, 
with automatic restart when the 
short circuit is removed. The units 
will also start with reverse 
polarity current injected into the 
output. The units are designed for 
PCB mounting, they measure 

89x 63x 22 mm (3.5 x 2.5x 0.88 
inches) (L x W x H), and will 
operate in the temperature range 
—25 to+71°C. 

Gresham Lion Ltd., 

Gresham House, 

Twickenham Road, 

Feltham, Middlesex. 


(927 M) 
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Subminiature Relay 


One of the world’s smallest relays, 
the G2E, is available with coil 
ratings from 1.5 V to 24 V at 
currents of 18.8 mA to 300 mA. 
This subminiature component 
measures only 16x 11x 10.5 mm 
and weighs just 3.5 g. 

Features include long service life, 


in excess of 5 x 10° operations, 
and a switching frequency of 
1800/hr max. Coil resistances 
range from 5 2 to 1280 2 and 
this highly sensitive relay requires 
only 290 mW of pull-in power. 
Both operate and release times are 
+ 5 ms, and the G2E has an 
insulation resistance of + 100 MQ 
(measured with a DC 500 V 
megger). 

Designed specifically for p.c.b. 
use, the relay has its pins set on 
the international 2.5 mm grid 
terminal arrangement. A 
transparant case protects the 
component from dust, while the 
operating ambient temperature 
range is —25°C to +55°C. 

Relay contacts are rated at 0.5 A 
(100 V AC PF = 1) or 1A 

(24 V DC), while the carry 
current is 2 A for both versions. 
IMO Precision Controls Limited, 
349 Edgware Road, 

London W2 1BS 


(973 M) 


23 mm potentiometers 
with switch 


The new Iskra 23 mm carbon 
potentiometers are spindle- 
operated and incorporate a switch 
rated at 250V AC, 4A 
continuous current, 80 A surge 
current. Known as the P8SL 
series, they are available from 
Iskra Limited of Coulsdon, 
Surrey, the British trading 
subsidiary of the multinational 
Iskra organisation, 

Each switch is approved to 
BS415 and SEMKO standards, 
and the series is produced in both 
linear and log values. The linear 
values extend from 100 ohms to 
10 megohms, and the log values 
from 2.5 kilohms to 5 megohms. 
Maximum voltages which can be 
applied to the carbon track are: 
linear units, 500 V DC; log units, 
350 V DC. 

All potentiometers in the P8 


range can be supplied with any 
one of three tappings — 40%, 50% 
or 60%. Each unit has a 295-degree 
angle of rotation and a smooth 
rotary action. End-stop torque is 
8 kgem. 


Low-noise carbon-brush wipers 
are standard throughout the 
range. Rated dissipations are 

0.4 watts (linear) and 

0.2 watts (log). Mechanical fixing 
is by a standard M10 x 0.75 mm 
screw thread, Two mounting 
styles are available, one standard 
and one special. The standard is 
designed for a 10.1 mm diameter 
centre hole, with a 2.1 mm 

(+0.1 mm, —O0 mm) locating hole. 
On special request, Iskra can 
supply units for mounting ina 
10 mm diameter hole with a 
rectangular section extending 
from the circumference. This 
section measures 2.5 mm x 2.6 mm 
(+0.1 mm, —0 mm). 

Dual-gauged versions for stereo- 
phonic applications are also 
available. 

Iskra Limited, 

Redlands, Coulsdon, 

Surrey, CR3 2HT 


(986 M) 


16.8 mm carbon 
potentiometers 


There are four types in this new 
16.8 mm spindle-operated range, 
and together they cover many 
applications. 

Type P10 units are available with 
linear resistance values from 

100 ohms to 5 megohms, and log 
values from 2.5 kilohms to 

5 megohms. Rated dissipations 


a @ 


are 0.15 watts (linear) and 

0.08 watts (log). Designed for 
mounting with a M7 x 0.75 mm 
screw, all P10 potentiometers 
incorporate a metal contact 
wiper. Angle of rotation is 
approximately 295 degrees, and 
all units have a smooth rotary 
action. End-step torque is equal 
to or greater than 4 kgem. 

All potentiometers in the P10 
range are available with an 
integral switch rated at 12 V,2 A. 
When a switch is incorporated, 
the type number is designated 
P10S. 

For stereo hi-fi and similar 
applications, Iskra has produced a 
tandem version of the P10. Called 
the P10T, it has the same 
specification as other units in the 
P10 range. Matching can be 
achieved down to 26 dB. 


16.8 mm series with plastic cases 
Many applications today demand 
a higher resistance to the ingress 
of dust and other harmful 
particles. To cater for this 
demand, Iskra Limited has 
introduced a series of plastic- 
cased potentiometers. Known as 
the P11P series, these 16.8 mm 
spindle-operated carbon units are 
specifically designed for printed- 
circuit applications, but are also 
available with solder terminations. 
As well as featuring a plastic case, 
all P11P units have a 4 mm plastic 
spindle and a plastic threaded 
sleeve (M10 x 0.75 mm), Resist- 
ance values are 100 ohm to 

5 megohms linear, and 

2.5 kilohms to 5 megohms log. 
The angle of rotation is 
approximately 270 degrees. Each 
P11P potentiometer has a smooth 
rotary action, and an end-stop 
torque of 4 kgcem. Rated 
dissipations are 0.15 W linear, and 
0.08 W log. 


Iskra Limited, 
Redlands, Coulsdon, 
Surrey, CR3 2HT 


(987 M) 


P.C.B. mounted 
illuminated push-button 
switches 


Highland announce the release of 
Series 99 illuminated push-button 
switches and indicators for 
printed-circuit-board mounting. 
Designed for applications on both 
industrial and domestic equip- 
ment, this new range has low-level 
switching elements rated 100 mA, 
50 V max. Push buttons and 
indicator assemblies are square 

— screen size 18.6 mm square 
with both flat and concave 
illuminated screens. 

The switch and indicator 
terminations are by 1 mm pins for 
direct p.c. board mounting. They 
may be flow soldered. Illumi- 


nation is provided by miniature 
T1 size bi-pin lamps available in 6, 
12, 18, 24, 28 and 36 Volt 
versions, 

The range comprises Indicators 
(signal lamps) and both 
momentary and maintained- 
action switches with low-level 
switching elements having a 

1 make/1 break (non-shorting) 
contact configuration. 

Film legends, designed and 
produced to customer’s 
requirements by Highland, are 
intended for use on Series 99 
devices. These are sandwiched 
between the clear outer screen 
and the inner white diffusor with 
a colour backing film if required. 


Highland Electronics Ltd., 
Highland House, 8 Old Steine, 
Brighton, East Sussex, BNI 1EJ 


(988 M) 


The plug which thinks 
for itself 


This ingenious three pin 13 amp 
plug by means of neons and 
indicator on the front of the plug 
shows immediately if: 

Socket is Al OK 

DANGER reverse polarity 
DANGER no earth 
DANGER live fault 
DANGER neutral fault 


1. 
25 
oh 
4. 
3. 


This tester is universally needed 
by DIY buffs, craftsmen, 
tradesmen, householders, 
installers of microwave and solid 
state circuitry and throughout 
industry and commerce. It was 
initially designed to protect 
electronic machinery installed by 
C. & A. Modes in all their stores 
throughout the U.K. 

Galatrek Engineering, 

Scotland Street, Llanrwst, 
Gwynedd, LL26 OAL, 

North Wales, Great Britain. 


(975 M) 
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Rectifiers for X-Ray 
power supplies 


Semtech have introduced the 

~ *X-Way Stic’, a new series of 
open rectifier sticks specifically 
designed for X-Ray power 
supplies. 


Each X-Way utilizes hermetically 
sealed ‘Metoxilite’ multi-chip 
‘avalanche’ rectifiers mounted 
on a PCB. These ‘Metoxilite’ 
multi-chip rectifiers (initially 
developed for high reliability 
aerospace programmes) are now 
available at commercial prices. 
In addition to X-Ray power 
supplies, these rectifiers can be 
efficiently used in most standard, 
single and polyphase circuits. 
Type: X 100KS, X 125KS, 
X150KS, 

PIV : 100, 125, and 150 KV. 

Average Rectified Current (at 

55°C oil): 220 mA. 

Size : (overall) 6.22"L x 
.690”W x (end cap) 
.500”D (anode) .390”L. 

Bourns (Trimpot) Limited, 

Hodford House, 

17/27 High Street, 

Hounslow, 

Middlesex. 


(926 M) 


Desk console 


Recently introduced by 

BOSS Industrial Mouldings 
Limited is the new BIM 8005 
Small Desk Console, the main 
feature of which is its three piece 
construction which allows rapid 
and easy removal of both top and 
bottom panels. 

The main body of the console is 
manufactured in ABS, as is also 
the removable bottom panel 
which incorporates 9 mounting 
bosses for supporting either a full 
100 x 160 mm Eurocard or 2 half 
size boards. 

The flush mounted 1 mm thick 


grey aluminium top panel tones 
with the orange, black or blue 
console body, the latter — as with 
the majority of BOSS enclosures 
— also incorporating slots for 
vertically mounting 1.5 mm thick 
peb’s as well as the recently 
announced BIMDAPTORS which 
allow pcb’s to be mounted 
sandwich fashion. 

Measuring internally 

165 x 122 x 60 mm high and 
incorporating small, self adhesive, 
rubber stand-off feet on the base, 
this new small desk 
BIMCONSOLE is equally suited 
to initial development, 
pre-production and OEM type 
applications. 

BOSS Industrial Mouldings Ltd, 
Higgs Industrial Estate, 

2 Herne Hill Road, 

London, SE24 OAU, England 


(921 M) 


Voltage-to-frequency 
converters 


A new family of Voltage to 
Frequency (V-To-F) converters, 
designated LM131/231/331 is 
now available from National 
Semiconductor Corporation, with 
better specifications than any 
previous device. 


It is claimed that the new devices 
all function with guaranteed 
0,01% maximum non-linearity as 
10 KHz V-to-F or F-to-V 
converters, and can be operated 


from a single +4.0 to +40 volt 
power supply. 

The standard device is available 
with a gain temperature 
coefficient (T.C.) of 150 parts 
per million/°C typical (150 ppm/° 
maximum). These devices are 
particularly suited to high- 
resolution data acquisition 
applications. The premium-grade 
versions of the LM131 family 
(LM131A/231A/331A) also 
feature a guaranteed gain T.C. of 
+ 50 ppm/°C maximum. 

The LM 131A is the first voltage 
to frequency converter in the 
industry guaranteed to have a 

50 ppm/°C T.C. spec over the 
entire —55°C to +125°C tem- 
perature range. 

Designed to function as an 
improved, pin for pin replacement 
for the 4151 V-to-F converter, 
the LM131 is specified to operate 
over its 4 to 40 volt supply range 
with improved accuracy. 

The LM131 also features low 
power dissipation (14 milliwatts) 
when operated from +5 volt 
supplies, and this is highly 
suitable for battery powered. 
applications. 


National Semiconductor, 
301 Harpur Centre, Horne Lane, 
Bedford MK40 ITR. 


(909 M) 


High-voltage video 
transistors 


Micro Electronics Ltd. has 
introduced a wide range of 
high-voltage n-p-n silicon planar 
transistors designed for 
video-amplifier applications in 
colour and monochrome 
television receivers. Available in 
TO-39 and TO-92 cases, the 
devices feature collector-emitter 
breakdown voltages up to 300 V 
and have good frequency 
characteristics, with current-gain 
bandwidth products of 50 MHz. 
Devices in the TO-39 package 
include the BF 257/258/259, 
designed for high-voltage video 
output stages, and the 

BF 336/337/338, designed for 
R-G-B and coulour-difference 
output circuits. TO-92 packaged 
devices include the BF 297/298/ 
299 and BF 391/392/393 transis- 
tors. 


Temperature range 


—55° to 125°C LM131 H- LM131 AH 
—25° to +85°C LM231 H-LM231 AH 

0° to +70°C_ LM331N and 
LM331 H - LM331 AH 


The devices are designed for 
maximum emitter-base voltage of 
5-8 V, and cover maximum 
collector currents from 100 mA 
to 500 mA. Total maximum 
power dissipation at a case 
temperature of 25°C ranges from 
1.5 W to 5 W. 

Micro Electronics Limited, 

York House, 

Empire Way, 

Wembley, Middlesex. 


(918 M) 


Low-noise audio 
transistors 


A new range of small-signal 
transistors from Micro Electronics 
Ltd. are designed for low-noise 
preamplifier, audio-frequency 
amplifier driver stages and signal- 
processing circuits in television 
receivers, Designated the 

BC 413/414/415/416 Series, the 
transistors are low-cost silicon 
planar epitaxial devices featuring 
high breakdown voltage, high 
gain and low flicker noise, 

The BC 413 and BC 414 are n-p-n 
transistors, while the BC 415 and 
BC 416 are the complementary 
p-n-p devices. 


Maximum collector-base voltage is 
45-50 V, maximum emitter-base 
voltage 5 V. Maximum continu- 
ous collector current is 100 mA, 
and total power dissipation is 

300 mW. 

Current gains ranging from 125 
up to 900 are available, typical 
noise figure is 1.2 dB, and 
flicker-noise voltage referred to 
base is only 0.11 “V for the 

BC 415 and BC 416 and 0.135 uV 
for the BC 413 and BC415. 
Micro Electronics Limited, 

York House, 

Empire Way, 

Wembley, Middlesex. 
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uP appliance timer 


A single package MOS-LSI 
microcircuit appliance timer, 
consisting of a central processor 
with on-chip memory, has been 
introduced by General Instrument 
Microelectronics. The circuit 

— basically a 4-bit micro- 
processor — is available as a basic 
28-lead or a more sophisticated 
40-lead version, and will 
considerably widen the scope of 
domestic appliance designers. 
The device is essentially a 
versatile, low cost timer, 
providing designers with the type 
of facilities necessary for 
controlling cookers, driers, central 
heating, etc. The 28-lead version 
designated AY-3-1250, accepts 
instructions from ‘hours up’, 
‘hours down’, ‘minutes up’, or 
‘minutes down’ keys, where 
momentary depression of keys 
cause single increments or 
decrements, and continuous 
depression causes the displayed 
digits to cycle. In use the circuit is 
linked to a 4-digit LED display 
indicating any function selected. 
It has 3 separate outputs for 
which on and off times may be 
programmed in, 

In a cooker application, all 
normal instructions may be 
programmed in, including 

ON time, OFF time, cook 
duration, etc. Other facilities 
include a ‘minute minder’ with 
audible alarm output, indication 
of mains failure, 12/24 hour 
operation, temperature setting or 
an optional fluorescent display 
driver output interface. 


a 
o 
o 
ry 

2 


oe 


Ane 


The 40-lead version — designated 
AY-3-1251 — is designed for more 
sophisticated systems where 

10 x 4 keyboard or touchpad 
entry and 14-digit permanent 
display are required. It has four 
controlled outputs, each with a 
variable mark-space ratio for 
control of hotplate duty cycles, 
etc. The 14-digit display facility 
could be used for a minute 
minder (3 digits), oven 
temperatures (3 digits), time 
on/off (4 digits), and hotplate 
temperature (4 digits). 

When used for fully automatic 
cooker control, the time 
programme would be entered and 
cooking temperature selected 
using a key pad, When the start 
time is reached the appropriate 
output would be activated and an 
‘ON’ indicator lamp energised. 


When the stop time is reached the 
output is deactivated and the 
minute minder audible alarm 
activated for 10 seconds. All 

3 programmable outputs may be 
separately controlled in this way, 
but the device can also be used in 
a semi-automatic or manual 
mode, A further facility allows a 
set programme to be repeated at 
24 hour intervals by the simple 
depression of a ‘repeat’ key. 
Both 28-lead and 40-lead versions 
include a built-in standby 
frequency source, which allows 
the devices to function normally 
during mains failure. In this event 
the circuit detects the abscence of 
50/60 Hz input, and a 200 kHz 
oscillator takes over timing under 
external battery power and lights 
a ‘mains failure’ warning lamp. On 
the re-application of the mains 
supply the circuit returns to 
mains power, but leaves the lamp 
on (until it is manually reset) to 
indicate that mains failure has 
occured, 

Although the two versions 
described here are standard 
devices, the microcircuit chip is 
mask programmable to include a 
wide range of options and output 
requirements. These include 
steady or pulsed temperature 
display outputs, error ‘E’ display, 
programmable time delays, 
touchpad inputs. Both versions 
are extremely suitable for general 
control applications requiring 
simple arithmetic, display of up 
to 43 digits and interfacing with 
analogue systems, 

General Instrument 
Microelectronics Ltd., 

Regency House, 

1-4 Warwick Street, 

London WIR 5WB, England 
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Video monitoring 
oscilloscope 


Gould Instruments Division has 
won a substantial order from the 
British Broadcasting Corporation 
for the supply of an oscilloscope 
designed for video monitoring 
applications. The oscilloscope is a 
modified brighter version of the 
Gould Advance OS3300B with a 
BBC designed timebase module 
incorporating comprehensive 
video triggering facilities, which is 
being made by Gould under a 
manufacturing licence agreement 
from the BBC. 

The new timebase generator 
allows the oscilloscope to be used 
for detailed line-by-line 
examination of 625-line television 
waveforms or to display a 
television picture. It accepts a 
standard level video signal, which 
may contain ‘Sound-in-Sync’ 


signals and provides six different 
triggering modes: field 1; field 2; 
field 1 and 2 alternating; line 
repetitive; single line selectable by 
front panel switches (with the line 
number indicated on a 3 digit 
light emitting diode display) and 
line pairs in the range 16/329 to 
22/335. 

The triggering can be delayed 
continuously by up to 90 us via a 
multiturn potentiometer, which 
allows the signal to be examined 
in detail. The displayed video 
signal may be clamped or not, as 
required, When the unit is used to 
display a television picture, the 
triggering point selected may be 
observed as a ‘bright up line’ on 
the picture, enabling the 
waveforms to be rapidly related 
to the picture. The changeover 
from waveform to picture is 
effected by a single front panel 
switch. The modified timebase 
retains its normal triggering 
facilities, so that the instrument 
may be used as a general purpose 
single timebase oscilloscope. 
Gould Instruments Division, 
Roebuck Road, Hainault, 

Essex 
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1 MHz to 1600 MHz in 
one sweep 


Gould Instruments Division has 
entered the sweep-generator 
market with the introduction of 
the Gould Advance SW100, a 
high-performance instrument 
which can cover the frequency 
range from 1 MHz to 1600 MHz 
ina single, flat sweep. Other key 
features of the instrument include 
a comprehensive automatic 
marker system for precise 
frequency determination and an 
output level unit that can be 
varied in 0.01 dB steps. 

The Gould Advance SW100 
incorporates electronic switching 
between the three basic ranges 
(1-500 MHz, 450-1000 MHz and 
950-1600 MHz) to give the effect 
of a single sweep. Deviation from 
flatness is + 0.25 dB using a 
power meter, or + 0.35 dB 
measured on a full-wave detector. 
The three operating modes of the 
SW100 are: start/stop or F1/F2 
mode, in which a sweep occurs 


from one set frequency to 
another; FC/ f (delta F) mode, in 
which a centre frequency is set in 
the middle of a spectrum of 
interest with one control and a 
deviation about the centre 
frequency is set with another 
control; and signal generator 
mode, in which the sweep drive is 
switched off and the sweeper is 
used as a straight signal generator. 
An extremely accurate output 
attenuation system offers ten 
steps of 10 dB, 1 dB, 0.1 dB or 
0.01 dB, and the output level 
range can be varied from 

+6.66 dBm (471 mV or 4.6 mW) 
to —103.33 dBm (3 #V or 

0.18 pW) in 0.01 dB steps. 


The SW100 incorporates a 
unique high-accuracy automatic 
harmonic marker system with 
frequencies of progressively 
increasing resolution being cut in 
as they are needed, Markers are 
provided with 100 MHz, 1 MHz 
and 100 kHz separations, and the 
markers can be oriented in 
horizontal, vertical or 45° 
directions to prevent them being 
obscured by the waveform under 
examination. A unidirectional 
marker facility is also provided 
for cases where the instrument is 
used with low-speed output 
devices such as X-Y plotters. 
Internal and external amplitude 
and frequency modulation (both 
fully swept) are available, and 
comprehensive internal and 
external sweep-rate controls are 
incorporated. The sweep may be 
varied between 70 Hz (14 ms 
sweep) and 120 seconds per 
sweep. A manual sweep control is 
also incorporated. 
Harmonic-related spurious 
outputs are typically —35 dB, and 
nonharmonic spurious outputs are 
less than —40 dB, Linearity is 
better than + 2%. 

Construction of the SW100 is 
based on a modular approach, 
with easy accessibility for 
servicing and maintenance, 
leading to low cost of ownership. 
Three blank panels are provided 
on the front panel to accommo- 
date future options; a hard-copy 
output option is already available. 
The Gould Advance SW100 
measures 320 x 145 x 365 mm, 
and weighs 8.6 kg. 

Gould Instruments Division, 
Roebuck Road, Hainault, 

Essex 
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for your copies of Elektor 


It is evident that in your profession and/or hobby the design 
ideas published in Elektor are referred to time and time 

again.” 

We are therefore now introducing this new cassette style binder 
to keep your copies of Elektor clean and in order. 


The chamfered corner of the cassette allows instant 
recognition of each months issue without the need to thumb 
through pages of previous months issues, 


No wires or fastenings are used so copies are easily removed and 
replaced and each cassette will hold one year’s volume of 
Elektor. Their smart appearance will look good on any 
laboratory shelf, 


elelxtor 


ELEKTOR BACK ISSUES 

/s this the first issue of Elektor you have seen? 
/f it is, you will be pleased to know that you can 
obtain back issues direct from Elektor. 


Unfortunately our rapid growth is creating heavy 
demand and we regret some issues are now 
completely sold out. You may take some consola- 
tion however in knowing that we have 120,000* 
plus readers every month. We suggest you follow 
their example and order your back issues now 
using the reply paid order card in this issue, and 
place a regular order with your newsagent or 
Component shop for future issues. 


1976 
issue no’s 10,18&19....... £0.55 $1.50 each. 
issueno. 15/16 .......... £0.95 $3.00 each. 
1977 
issue no’s 21-26, 29 & 32 ... £0.60 $1.50 each. 
issue no. 27/28 ......154. £1.05 $3.00 each. 
1978 
issue no’s 33-38,41—44 ...£0,65 $1.50 each. 
issueno. 39/40 .......... £1.30 $3.00 each. 


* Based on 2.62 readers per sold copy. 
Elektor is a member of the Audit Bureau of circulations. 


More and more people are reading Elektor 
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Mon ~ Fri 
Saturday 


Our shop is only 2 mins from DOLLIS HILL 
Tube station, Ample car parking availabl 


Ploase Add 25p p & pand V.A.T, 
Govt,, Colleges, ate, Orders accepted 


ce: VEGHNOMANIG LT 


17 BURNLEY ROAD, LONDON NW10 
Tel: 01 452 1600 Telex: 922800 


ATS & PGBS FOR ELENTON FORMIANT, PIANO, 
AMO OTHER ERFEGTS UTS 


FORMANT 


KEYBOARD INTERFACE (June 1977): 
Set of resistors, capacitors, semiconductors and potentiometers: 
Sea a Et cen eLneer cee ves KIT 66:1£11.19 
PCB for above: . vee eee ses PCB 9721-1 £2.31 
GATE PULSE DETECTOR & DISTRIBUTOR, AND DIVIDER NETWORK 
(Sept 1977:) 
Set of resistors, capacitors, semiconductors, and potentiometers 
OD nae co veess KIT 66:2 £5.42 
PCBs for above: PCB 9721.4 67p & PCB 9721-2 £1.16 
POWER SUPPLY (Sept 1977): 
Set of resistors, capacitors, semiconductors, potentiometers & transformer 
. Renae KIT 66:3£18.78 
PCB for above. PCB 9721-3 £3.69 
LOG VOLTAGE CONTROLLED OSCILLATOR & WAVEFORM CON- 
VERTER (Oct/Nov 1977): 
Set of resistors, capacitors, semiconductors, and potentiometers 
robe KIT 66-4£28.05 
PCB for above ; PCB 9723-1 £7.38 
VOLTAGE CONTROLLED FILTER (Dec 1977): 
Set of resistors, capacitors, semiconductors, and potentiometers 
2 KIT 66-5 £8.73 
PCB for above PCB 9724-1 £3.03, 
VOLTAGE CONTROLLED AMPLIFIER (Fob 1978): 
Set of resistors, capacitors, semiconductors, and potentiometers 
KIT 66.6 £8.38 
PCB 9726.1 £2.98 


PCB for above 


[ADSR ENVELOPE SHAPER (Jon 1978): 
Set of resistors, capacitors, semiconductors, and potentiometers. 

° KIT 66.7 £4.93 
PCB 9725:1 £2.40 


PCB for above 


THREE LOW FREQUENCY OSCILLATORS (Mar 1978): 
Set of resistors, capacitors, semiconductors, and potentiometers 
iio fi KIT 66-8 £7.84 


PCB for above: PCB 9727-1 £3.16 


NOISE GENERATOR (Mor 1978): 
Set of resistors, capacitors, semiconductors, and potentiometers: 
% F KIT 66-9£4.16 


PCB for above: PCB 9728-1 £2.72 


CONTROL AND OUTPUT MODULE (April 1978): 
Set of resistors, capacitors, semiconductor, and potentiometers 

aa fi ni : KIT 66:10£4.53 
PCB for above: Hoga 


PCB 9729-1 £2.49 
KEYBOARD AND CONTACTS: 

3 Octave Kimber-Allen Keyboard £25.50 
3 Octave Set of GB Contacts + £10.54 
For the full FORMANT assembly the following quantities ae required 

3 of PCB 9721-4, 3 of KIT 66-4, 3 of PCB 9723-1, 2 of KIT 66:7, 2 of PCB 
9725-1, and 1 of each of the other KITs and PCBs. 

All FORMANT PCBs are as published in ELEKTOR 

ELEKTOR PIANO (Sept 1978) 

Details are in our list ~ Please send S.A.W 

DIGITAL REVERBERATION UNIT (May 1978) 

MAIN UNIT: 

Set of resistors, capacitors, semiconductors, potentiometers, switches, and 
transformer 5 . KIT 78-1 £48.12 
PCB for above (redesigned) he PCB 78A £2.86 
EXTENSION UNIT 

Set of capacitors and semiconductors: 

PCB for above (redesigned) 

WAVEFORM CONVERTER (Oct/Nov 1977): 
(Extracted from Formant for use as a separate unit) 
Set of resistors, caps, semiconductors, potentiometers, and PCB 


KIT 67.1 £8.40 


KIT 78:2 £45.45 
PCB 788 £1.06 


PHASING AND VIBRATO UNIT (Dec 1977): 
Set of resistors, capacitors, semiconductors and potentiometers: 
KIT 70-1 £17.38 


PCB for above (redesigned) PCB 70A £2.33 


Photocopies of Elektor Texts for above projects are available. 


PLEASE USE ORDER CODES FOR KITS AND PCBS WHEN ORDERING 


FULLER DETAILS OF KIT COMPOSITIONS ARE SHOWN IN OUR 
PRICE LIST — PLEASE SEND S.A.E. FOR FURTHER INFORMATION. 


POST AND HANDLING 


U.K. orders — under £15 add 25p plus VAT, over £15 add 50p 

plus VAT. Keyboards £2.00 plus VAT. 

Optional Insurance for compensation against loss or damage in 

post, add 50p for each £50 of value in addition to above post and 
9. Eire, C. 0,, and other countries are subject to 

Export postage a 

DON'T FORGET VAT! 

‘Add 12%% (or current rate if changed) to full total of goods, 

post and handling. (Does not apply to export orders) 


OTHER SOUND SYNTHESISER, SOUND EFFECT, AND 
SOUND MODIFYING KITS ANO PCBS ARE AVAILABLE 
— DETAILS IN OUR LISTS 

LIST—Send stamped addressed envelope with all U.K. requests 
for free list giving fuller details of PCBs, kits and other 
components. 

OVERSEAS enquiries for list: Europe—send 20p; other 
countries—send 50p. 


EXPORT ORDERS are welcome, though we advise that 
a current copy of our list should be obtained before 
ordering as it also shows Export postage rates. All pay- 
ments must be cash-with-order. In Sterling and prefer- 
ably by International Money Order or through an 
English Bank. To obtain list send 50p. 


Tacks ANE CORAEY AT TIME OF PRESS 
Cio Deciveny sussect TO AVAILABILITY 
MAWCOROER AMO CWO ONLY, 

Sonne But MOCALLINS PLEASE 


PHONOSONICS : DEPT. EL43- 22 HIGH STREET - SIDCUP - KENT DA14 6EH 
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AUDIO AND 
TEST EQUIPMENT ‘%7°" 
CENTRE 


Only regular stocks listed — other makes and models available 
All Prices include V.A.T. 


Telephone your order with Access and Barclaycards 
or send cheque with order. 


LONDON’S TEST GEAR CENTRE 
OPEN 6 DAYS A WEEK 9 am-6 pm 


SCOPES 


DUAL POWER SUPPLY 


* Each supply 0—30V @ 1A 

* Fully adjustable current limit 

* Complete and tested £99.95 
* Component form £84.95 


FUNCTION GENERATOR 


* 10Hz to 220KHz 

* Sine, Square, Triangle, Sawtooth and 
Pulse waveforms 

* Sync. Outputs 

* Complete and tested 

Component form 


£88.95 
£69.95 


All prices are ex-works 

Tilt handle option as illustrated + 
£3.85 on all units. 

Add V.A.T. + £2.50 post and packing 
All orders, further details from:— 


Bideford 
Electronics 
Limited 


Kingsley Road, Bideford, Devon, EX39 2LG 
Tel: Bideford (02372) 2486 Telex 46232 


3" BMHz Single Boom 


Super 6/486 Scopex GMHz . . 
‘Super 10/4010 Scopex 1OMH2 


EXCLUSIVE 

NEW 5MHz Mains Portable 
"SCOPE now in stock 
£89.90 


4025 Scope x 25MHz Dual Trace j 
PROBES x 1x 10 14,60 x 10 9.95 x1 7,95, For 456/4D10A/4026 
LED and LCD DIGITAL MULTIMETERS. 
M235 Sinclair portable 3% digit LED 
DM350 Sinclair portable 3% digit LEO. 
M450 Sinclair portable 4% digit LEO 
POM35 Sinclair pocket 3% digit LED 
(Mains adsptors 3.76, 1 


30K Probe 
3 digit Miniature with large LED displays 
Recharge Botts and chargar 17 
ranges 
Mimtuce batery operated 17 ranges “87.00 
With LCD displays 1m A/mY resolution 
98,00 


Multi-Range Instrument 

mirror scales oxcept -2/TM3A(TM3 AC volts only), 

TM11 incredible 120 Range Electronic Multi-mo 

Tae ‘AC Microvoltmoter 3MHz 4 Magohm . . . . 
Broadband voltmeter 300KH2-400MHz 

BEOTR 100K/voIt 23 Rango (plus transi 

26 Range, largo 


26 Rong Pocket Mult/-metor 
16 Rong Populer Multis 


Micro 80 20k/volt 
IT12 20k/volt 
LY22_20k/volt 
T12 Bkivolt 

LT 101 Tk/volt 


GENERAL EQUIPMENT 
TET Signal Tracer 

TR1000 Tronsistor chockor in/out 
circuit 


GENERATORS 


¥G162 Sories RC Oscillators 
Sine/Square output, 3Hz-300KHz 
TG1620 76.00 
TG152 Dm’ (with moter) | 95.00 
16200 


‘TE? Signal 
qT 


a 00 
EX3A 160 watt S-way AE Switch + TG200Dm iwith moter) | | 121.00 
DC26kV 100 Meg HV Probe... : r TG200Dmp (Meter & Fino 
OValue CAP SubsBox ....... 2 Control) 126,00 
r TGGGA Digital Sine Wave Decode 
control 0.2 Hz 1.22MHz . . 267,00 
TE22D (Audio) 4 bonds sine 20-200kHz 
20-200kH2 square 20-150kH2 65.00 
TE2OD AF 6 bands 120 kHz 
500mH? 87.00 


LOGIC PROBES AND MONITORS 
£72000 Economy Probe 10mHz 11,95 
LMT Monitor 

Lt Probe tombe 


1.5m! 
Tein te Test chip 
DECADE RESIS. BOXES 
=11, 110 Ohm in steps of 1 ohm 33,00 IN STOCK 
10-111, 110 Ohm in'stepe of Soohmaa00 Braboards = Kits ond Separate Panes 
1=1, 111, 110 Ohm in stops of tohmrA2.60 BG 9.20; PBIO0 11,80 
CAP, DECADE BOX 
1Opt—111, 110pf in steps of 10 pf 33,00 


PIEZO HORN TWEETERS 

‘MICROPHONES, SPEAKERS Neviemae 
‘AND COMPONENTS 

LARGE RANGE IN STOCK 


M7 7 Digit 6OmHz Rech. Batt 
Freq. counter 156. 
SC5 512 mHz prescaler for 
above 

MA x 100mH2 8 digit batt 
operated counter 83.7! 


T™11 TMKS500 
CALL IN AND SEE FOR YOURSELF. 


AUDIO ELECTRONICS 


CATALOGUE 


301 EDGWARE RD., LONDON W2 1BN_ SEN STA 


ADDRESSED ENVELOPE 
IND 
or your coPY NOW 


01-724-3564. OPEN 9-6, MON-SAT. 
ELECTRONIC COMPONENTS AND EQUIPMENT 


ALSO AT 248 TOTTENHAM COURT ROAD W.1 


advertisement 


Elektor book service 


Elektor Publishers Ltd. 


BOOK'75 


A selection of some of the most 
interesting and popular 
construction projects that were 
originally published in Elektor 
magazine issues 1 to8. 30 
projects are contained in this 
book, plus a‘DATA’ section 
which includes a chart of pin 
connections and performance 
for common-anode LED 
displays, valuable information 
on MOS and TTL-ICs, 

opamps, transistors and our tup- 
tun-dug-dus code system for 
transistors and diodes. With 
over 100 pages, the wide 
variety of projects in this 
stimulates the professional 
designer to up-date his 
knowledge and even the 
beginning amateur should be 
able to build most of the 
projects. 


price £3.00 (post & pack 30p 
extra) USA & Canada $6.50 
(sent by Airmail) 


oov play ee” 


se 


SN IN 
DIGIB 


service order form in this issue. 


The following books are available direct from the publishers, 


ELEKTOR 
BOOK 


This brand new book from 
Elektor, provides a simple step- 
by-step introduction to the 
basic theory and application of 
digital electronics, Written in 
Elektor's typical style, there is 
no need to memorise dry, 
abstract formulae, instead you 
will find clear explanations of 
the fundamentals of digital 
circuitry, backed up by 
experiments designed to 
reinforce this newly acquired 
knowledge. For this reason 
DIGIBOOK is accompanied by 
an experimenter’s printed 
circuit board which will 
faciltate practical circuit 
construction. 


price £4,50 (DIGIBOOK PLUS 
PCB) post & pack 25p extra 
USA & Canada $9.50 (sent by 
Airmail) 


When ordering any of these 
books please use the Elektor 
readers service order form in 
this issue. 


When ordering any of these books please use the Elektor readers 


Elektor Publishers Ltd., Elektor House, 10 Longport, 
Canterbury, Kent CT1 1PE 


Logically laid out to accept both 0.3" and 0.6" pitch DIL packages 
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THE NEW 
EUROBREADBOARD 


S 


as well as Capacitors, Resistors, LED's, Transistors and components 
with leads up to 85mm dia. 


500 individual connections in the central breadboarding area, 

spaced to accept all sizes of DIL package without running out of 

connection points, 

4 Integral Power Bus Strips around all edges for minimum inter- 

connection lengths. 

Double-sided, nickel silver contacts for long life (10K insertions) 

and low contact resistance (< 10m.ohms) 

Easily removable, non-slip rubber backing allows damaged contacts 

to be rapidly replaced, 

What other breadboarding system has as many individual contacts, 

offers all these features and only costs £5.80 inclusive of VAT and 

P.P. — NONE. 

At £5.80 each The EuroBreadBoard is unique value for money. 

At £11.00 for 2 The EuroBreadBoard is an indispensable design aid. 
Snip out and Post 


David George Sales 
r/o 74 Crayford High Street, | | 
Crayford, Kent, DA1 4EF. E10 


Please send me 1 EuroBreadBoard @ £5.80 Please 
or 2 EuroBreadBoards @ £11.00 Tick 


(All prices include VAT and P.P., but add 15% for 
overseas orders). 


TILING: U2 6 ie hie ees aie ba airara eee crore nace . 
Please make cheque/P.O.’s payable to David George Sales 


aro Ee eRe | 
9° 
fo} 
3 
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3 
8 
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i FULL ASCII KEYBOARD 


et | 
TrTTtiLiret el 
a aa aa BRR EES a [es LOW COST! Numeric Keyboard Pad ..eseseeeeees 
= 50 (optional) 
a a aa a a a Le a a a a a Model 756 Plastic Enclosure Type 701 £10.75 (Optional) 
BReae aeen Full ASCII 


keyboard for extra rigidity)’ 


Mounting Frame (supplied attached to 


TODEL 756 


Intended for professional micro- 
processor applications. 

This one Keyboard will meet most 
present and future requirements. 
Full 128-character ASCII 8-bit code 
Tri-mode MOS encoding. 
Applications notes for auto repeat, 
numeric pad, serial output. 

Upper and lower case characters 
generated by keyboard with latching 
shift-lock. 

Selectable polarity. 

Size 305 X 140 X 32mm 

(12% X 5% X 1% in) 
MOS/DTL/TTL compatible .outputs. 
New guaranteed OEM grade com— 
ponents. 


Needs +5 and —12V supply 


KEYBOARD. 


Keyboard 


Board has space for small low-cost * 
DC/DC converter so that entire unit 
Operates off single 5 V rail. 


Price assembled £43,00 


iPrice includes air parcel delivery anywhere in 
the world, Most currencies acceptable at ex- 
change rates ruling on date your order is pos- 
ted. Drafts and cheques acceptable (if person- 
al cheques not bank-guaranteed, allow 14 days 
to clear). 

Barclaycard and most major credit cards honoured 


DC/DC Converter... 


«.. £7.00 (optional) 
£ 4.50 (optional) 


User selection of positive or 
negative logic data and strobe 
output. 

Alpha lock . 

Extra loose keys available. 
Gold Plated Edge Connector 


(if needed) £1.95 


Rugged mil. spec. G-10 PCB 
with plated through holes. 

2-key roll-over 

DC level and pulse strobe signal 
for easy interface to any 8-bit 
input port microprocessor system, 
video display or terminal board. 
Strobe pulse width 1 ms. 


‘EEE 


Anew 


Carter 


OC oe a 


ofels ees 


Associates 


P.O. Box 11262 
VLAEBERG 
South Africa 
postal code 8018 


SHIFT 
LOCK 


ae > ee als 


Ee 


eteb a) 


121 Dawes Road, London SW6 


DAWES ELECTRONIC 


All prices are inclusive V.A.T. please add 20p. P & P, 


2N3725 
2N3904 
2N3906 


Tel 01 381 3975 


Transistors 
BC114 
BC126 


New Style Elegant Instrument Cases 
in anodised aluminium with black vinyl! 
top and bottoms, Gives a professional 


BC140 
BC158 
BC160 
BC171 
BC350B 
BC516 
BC517 
BC547B 
BC557B 
BCY70 
BCY71 
BD135 
BD136 
BD242 
BF196 


2N4058 
2N4398 
2N4400 
2N4402 
2N5129 
2N5139 
2N5179 
2N6123 
2N6126 
2N6254 
40347 
TIS5O 
TIS92/93 


Diodes 

BY 187 
BY209 
Zeneers 
3.3/39V 
1N4020A 
1N914 x10 
1N916 x10 
1N4148 x10 
(100 + 
1N4001 
1N4004 
1N4007 


TGS105 


finish to your assemblies, 


Type Width Height 
3 


Elektor Oscilloscope Case 
prepunched & screened 
25MHz PDA Conv. £25,00 
Transformer £47.00 
s.a.e, for full kit list £12.50 


%GHz Elektor Counter Caso 
prepunched and screened 
Transformer £16.50 
$,2.€, for full kit list £3.50 


2.25 


Transformers 


Capacitors 

Siemens 250V 
Metal 7.5mm 
1inF — 47nF 
56nF — .1uF 
-12uF — .22 


Scope 


quotes on 


Switches 
. Mini Togg! 
Resistors 
a 0.25W E24 series 
2150 | 10+ 20p 100+ 120p 
2.50 of each value. 


2N3773 7x 95p 9x 


for Elektor projects 
12, 


5082—7750 


‘| % GHZ Counter 3.50 
SC/MP PS‘ 


4,50 
others. 


Mini Switches Push Buttons 


le 


Mini 3 way 
DIP Switches 
5x 85p 6x90p 


125p 


Mini Rotary 


Switches 
Wafers 


Price 


Push push or Interlocking 2.4.6.8 
pole 25p per bank 13 banks max, 


ype Width Height Price 
16%" 4%" 
8%" 6 
12" gr 
1 16%" 6" 10.42 
all cases depth 9” enya 
of cases 
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Ree 
FRASER-MANNING LTD., 26 HERVEY STREET, 1PSWICH, SUFFOLK. IP4 2ES 
Shop open 12 noon:Bpm TuesSat (Closed Sun & Mon TELEPHONE 


POSTAGE FREE on order ow 0473 
50975 


a 


FML-EAST A 


‘hone order service available, Remember i's cheaper to ‘phone after Gp! 


We stock nearly everything for the home eans.ruetor our mottont we haven't got it we will ry 10 get it!) 


PRICE REDUCTIONS 


CARBON FILM (Miniature) 
0 .25W E24 series 10 ~ IM 5% 

O.5W E24 series 10R ~ 10M 55 

Sold in 10's of any one value 

Pack oF E12 sernrs 10 af eich value (610 tot 
Pack ol E24 yerus 10 of eh value (1210 total) 
Expansion Pac E12 to £24 serves (600 total 
(PLEASE SPECIFY 0.25 OF 0.5%) 


RMIT ELECT ROT YTICS ioneirenetinersie otter 
OE 

oso By 

OPOT 24 79p. q 


ROTARY (100mA 250V a,c.) 


MINIATURE TOGGLE 


SPST 2A 
SPOT 2A 


toov —480v 
6p 
6p 
2 125 
3 125 
4 129 
3p. 


209 
2a 
299 
369 
47 


Migminated OPST 


eM SLIDE (1 250V ac.) 


DPDT Miniature 
POT Standard 

FOOT (Successional Action) 
orst 
Por 
(Rot 


MINIATURE PUSH BUTTON 


Push to Make (Test) 209 
Push to Break (Test) 25p 
SPST 2A 250V 5p 
SPOT 2A 250V 960 


95p 
1.35 

Mako-aSwiteh parts 

) 


MINIATURE CAMBION 
1 OH 50mA 


180mA 
190mA 
165mA 
125mA 
Tama 
50mA 
38mA 


REPANCO 
SUH 

1.5mH 
2.5mH 
5:0mH 
7.5mH 
1omM 


10 oH 

2 on 

a” oH 

100 UH 

2200 UH 

470 UH 

tH 

COIL FORMERS 

3/16" Former compl 
Former and core 
Former and core 


with base, core and can 


7 SEGMENT LED DISPLAYS 

0.5" RED 14 pin DIL, Lett Hand Decimal Po: 

0.6" RED 18 pin DIL, Left Hand Decimal Point 

05" REO DOUBLE BIGIT, Right Hand Decimal Point 
3mm LED's ‘5mm LED's 
REO REO 

GREEN 29 © GREEN 

YELLOW 29 YELLOW 

CLIPS for above 3p CLIPS for above 
Pack of 10 essorted 2nd grade LED's oniy 

NEON INDICATORS 

RED or AMBER 3p 
Wire ended Neon (90V) 14p. 
LAMPHOLDERS & BULBS 
LES Panel Type 8mm LENS in 6 colours 
LES Panel Type 10 mm LENS in 4 colours 
Clip on Lampholder MES 6p LES. 
Most MES, LES & MBC bulbs available each, 
OPTO DEVICES 

Light depandant resistor (ORP12 type) 


Np 


GREEN 


(7018) 
(1039) 
(7039) 
(T0866) 
(T0866) 
(7220), 

(1220) 

{sTUD) 
(STUD) 
(sTuo) 


THYRISTORS 
TRIACS 0.6A 100V 
6A t00v wey 
fA tow we 
1A aoov a” 


SA 

DIACS 5A 
Yoa 

8R100 1K 
164 


400 

OV 
400v 
‘400v 
B00V 
400 
00V 
600V 


INSTRUMENT CASES (Meta! RS type) 
Attcactive cases ideal for instrument or power supplies. 
Blue and Cream finish 


‘charge for post and packing on orders over £2 in value) 


PLASTIC BOXES 
Vero P8103" x2" x1" 4p 

‘We also have a large stock of diecast aluminium boxes, sloping ABS 
‘cates ond several VERO cetes, Pleste send for our catalogue (25p) Mf you 
do not see what you require in our advertisement, 


209 
22 
28p 
369 
50p 

£1.05. 

evo 


56p 
799 
820 


we 
we 


12 ser 
12 ser 


1OR 
ton 


METAL OXIDE 


0.5 E24 sevws 10 


WIRE WOUND 


2 SW E12 series 0.22R, 
tor 


aw €6 
IW E12 se: 
1 €6 5 
TW EG series IR 


sik 
eR 
ra 


YOM 5 
10M 5 


1M 20 


22K 


226 
2s 


2708 


Remember larger voltage larger 
PCB ELECTROLYTICS (Sin 
VOLTAGE 
wov' 16v 


rimature insulated) 


POLYESTER 
(250Vac, 6 Saves) 
0.01uF to 0.220 
0.33, 0.47uF 
0.68uF 

10uF 

15uF 

220 


vALue 
O.A7UF 
1 


av ov 


tap 4p 
14p14p 
4714p 
100 14p. 
220 16 
33019. 
470 21p 249 
1000 29p 1p 39 


VARIABLE CAPACTIORS 


2, 
3 
4 
10 Mp 
2 
33 


14p 
15p 
Vp 
239 


49 
POLYSTYRENE 
{63V E12 Senves) 


THERMISTORS 
Equiv. C24 650R 10 37H Hot 0.3, 
Equiv, VA1026 01 CZ13A 3TOR 10 28R Hot 0.3A 
Eauiy, ¥21104 3 OD10 LOOR to TR Hot 2,28 
ROTARY POTENTIOMETERS (nS Tyne) 
Gartiin track, 220%, insulated "spun 
CINLAR (0.5911 5K" 1M 
COG (0,25¥ 6K. 2M. 
TP Swatchrdl Lin 25% 500% 
OP Suntched Lay 5K IM 
OPEN PRESETS (0 1w) 
Ciserves 1O0R 47M 
THICK FILM RESISTOR NETWORKS. 
7 Individuat Resistors in 14 pin DIL package 
deat for 7 segment LED displays 
YOR or 270 (state which! 
13 Commoned Resistors in 14 pin DIL package 

for Logie Pull Up/Down A 

YOK. 47K, 100K ~ 


70p each 


Y2p each 


72p each 


300pF Oielectrve type Jackson £1.59 
5OOpF Dielectric type Jackson £1.02 
10-365pF Aw spaced Jackson £2.67 
Dual version of above type 02, £2.15, 
VOpF Aw spaced e167 
25pF Aur spaced %" spindle 

5OpF Aw spaced "spindle 

YOOpF Aw spaced %" spindie 
TRIMMERS 


3-10pF Mica compression 
20- 250pF Mica compression 
50- 450pF Mica compression 
150-750pF Mice compression 


KNOBS — Block, 
2X 18mm high, coloured lined eaps Ri 
Blue, Yellow. Green, Black, Grey 
ANY QUANTITY 16p each, 
3,3/63V Axio! 

4.7/63V Axial 

22/28V Axial 


spindle, 19mm dia 


1OpF 10 15,000pF 


CERAMIC 

(Mullard 600 type minature) 
330pF (E12 24) Sp 
‘4700pF (E12 10%) 5p 

TF to 220F (€3 80%) 5p 


DISC CERAMIC 
Low voltage 

OOF 1 
0.047 nv 

oy tv 

4 30v 
High voltage 750V de 
0,0010F 

0.01 


Volt 
1p 


10 ott 
£1.60 


RECTIFIER DIODES. 


14001 
14002 
14003, 
1Nao0a 
14005 
14006, 
14007 1 
15400 
15401 
15402 
15404, 
15406 
15407 
15408 1 
ayi27 


Sov 
100v 
200V 
‘400v 
600V 
‘B00V 
‘000 

50v 
1o0v. 
200V 
‘’00v 
600V 
800V 
‘000 


1A 
1A 
1A 
1A 
1A 
1A 
1A 
aA 
3A 
EN 
aa 
3A 
aA 
3A 


1250V 158 


SIGNAL DIODES 
Ona? 9p 
0A90 6p 
OAS! Gp 


ZENER DIODES 


400mWw 


‘oAaz02 
nora 
1Nar4s 


1.3V to 39V 


1 


72p each 


LINEAR I.C.s 


CA3OBIE IF system £1.79 
CAIOB0AA Stereo D £3.99 
{M324 Quod Op Amp "49 
{M380 2W Amp £1.05) 
{M381 Stereo Preamp £1.80 
EM3900 Quad Amp ‘Bp 
MCI310 Stereo £1.49 
Mic14s8 5p 
531 Fast Slew Op Amp £1.39 


709 DIL Op Amp, 
71) Comparator 
723 180mA Regulator 
74) Op Amp. 
ap 747 Oval 741 Op Amp 
8 748 Op Amp 35 
SP SN76013 Audio Amp £1.39 
'§N76023 Audio Amp £1.39 
TBABOO SW Amp, 69p 
2p 


100/16V Ax 
1O/6V Ax 
200/50V Tag Ended 
1000/15 Axial 
1000/25 A: 
741 Op Amp 
855 Timer 
Sliders 60mm 100K LOG 
Sliders 40mm 470% LIN/2M2 LOG 
10k LIN AB Pots Rotary, 
100K LIN Tandem Pots 
1p Y2w Lorlin Rotary Switch 
Polyester ,O1uF 250V 
 O22uF 250 
"0 33uF 260V 
TILE19 Darlington Opto Coupler 
3.5mm Jack Plugs 
4" Switched Stereo Jock Sockets 
Cassette Plug Mains 
Costette OC Switched Pow 
Dimmer Switches SOW. 
Reesister Packs TOOMix % & YW 100"s 


ALL OFFERS SUBJECT TO AVAILABILITY 


1amW—1.3V 10 100V 2 


TRANSISTORS 
A0149 
aci07/8/9 
96147/8/9 
96157/8/9 
8177/89 
86182/3/4. 
Bc2 12/34 
8477/89 
8547/89 
80557/8/9 
870/172 
80139 
80140 

BF 184/5 
BF 194/5/6 
BRYSON 
BEYS2/3 
88x19/20 
MJE340 
TiP31/320 


Tipay/42Aa 
T1843 
27X107/8/9 
27%300/1/2 
21x303/4 
27x500/1 
21x502/3 
2N3055 
M2055 PNP 
2N3702/3/4 
2N3705/6/7/8 
2N3903/4 
2N3905/6 


699 
34p 
Map 
2p 
22» 
22» 
22p 
49 
99p 
Yap 
129 
199 
19 


WP Skt 

MISC, THYRISTERS 
BT106 1A 7001.19 
C1080 3A 400 49p 
2N4443 5A 400V 89p 


MAINS (240V primary) 
GENERAL PURPOSE 
6-0-6V 100m, 
9-0-9V 75mA 
12-0-12V— 100mA, 
0-60-6V —280mA 
0-120-12V150mA 
0-4,50-4.5V 600mA 
0-60-6V—500mA 
O-12012V  250mA 
0-150-15V 220mA 
0-20 0-20V 

0-6 

o-av 

o-12v 

0-18 

0-24 

6-0-6V 

9-0-3V 

12-0-12V 
15-0-15V. £3.96 
30-0-30V £4.99 


Prices include postage and packing 


... THE FOLLOWING 
MANUFACTURERS GOODS 


RS Components Ltd, 1TT Components, National Semiconductor, 
Texas, Sitam, RCA, Bulgin, Motorola, Lorlin, Mullard, Antex, 
Vero etc. 


GOOD REGULATION 
(Typically better than 10%) 
0-4,50-4.5V  G00mA 
0-60-6V 500mA 
0-120-12V—-250mA 
0-150-15V 200mA 
0-200-20V  150mA 
0-4.50-4.5V 2.28 
0-6 0-6v 1.64 
0-120-12V  800mA 
0-150-15V 600mA 
0-17.50-17.5V 500mA 
0-200-20V.  500mA 
0-4.50-4.5V 5.54, 
0-6 0-6V 4.18 
0-120-12V 2A 
0-150-15V 6A, 
0-200-20V 1.20 
0,19,25,33,40,50V~%A 
0,19,25,33,40,50V 1A 
0,19,25,33,40,50V 2A 


989 

8p 
1.13 
£2.00 
£2.00 
£248 
£248 
£2.48 
£2.48 
£2.48 
£2.98 
£2.98 
£2.98 
£2.98 
£2.98 
£3.80 
£2.98 
£3.60 


If you require components not shown {n our advert or catalogue 
‘we still may be able to supply it ~ Pleate phone us and ask. 


This 8 monthly Adi 


Send 2hp for Catalogue or phone for stems not shown here e g 
TIL CMOS. TRANSISTORS, CONNECTORS. CABLE 


ALL PRICES 
INGLUDE VAT 
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1978 SUBSCRIBERS TO 
ELEKTOR 


Once again the year is almost at an 
end! We hope that all our 1978 
subscribers have enjoyed their 
Elektor as much as we have 
enjoyed sending you your copy 
every month. 


What's coming in 1979? 


Weil elektor is always full of 
surprises and we don’t intend 
letting the cat out of the bag just 
yet, but, be assured we will work 
to please you even more! The first 
step is to up date our increasing 
ranks of subscribers. To this end, 


advertisement 


GOLFBALL PRINTERS 


IBM 1053 Printer similar to 735 but 
separate BCD o/p Keyboard. Will accept 
any IBM Golfball head. Motor is 220v 
50 Hz. Print Solenoids are 50v. A parallel 
B.C.D. six bit code is required to print 
any character. 


Other: Solenoids drive Space, Backspace, 
Line feed, Tab, Uc/Lc, Red/Black ribbon 
shift. 


Max speed 15 char./sec. Writing line 13 
inches. 


all 1978 subscribers will receive an 
invitation to renew their 
subscription for 1979, during this 
month (November 1978). 


Please return your renewal as 
quickly as possible, we would hate 
you to miss a single copy. We list 
below the 1979 prices and we are 
sure you will agree its well worth 
the money to know you will receive 
your own copy every month 
through the post. 


Our best regards for the future. 


Golfball supplied is a banking type a 
more useful type (correspondence) in 
any language can be supplied for £10 
extra. 


Supplied in good condition with manual 
and circuit. Serviced and tested. 


Price £130 10+ £117 100+ £100 
Carriage/Packing — at cost. UK + 8% vat. 
Holland/W. Germany Airfreight/Packing 
£35. 


KEYTRONICS 
332 Ley Street 
Ilford Essex 


Tel. 01-553-1863 


Shop open Mon—Sat 
9.30 — 2.00 p.m. 


Elektor Subscription department. 


1979 Subscription (including 
postage & packing) January 
no. 45 to December issue 
no. 56 £850 $21.00. 
(UK and overseas surface 
mail). 

Airmail £14.00 $31.00. 


ELECTRONIC COMPONENT CENTRE 

58-60 GROVE ROAD, WINDSOR, BERKS SL4 1HS 
TELEPHONE CREDIT CARDS ORDERS 
WINDSOR (07535) 54525 

TRADE, EDUCATIONAL & EXPORT WELCOME 


6 TAATIPUS 


EN 


ELECTRONICS LTD 


£3 post & packing fro, 
id on ox stock product 
‘A.T. All price each, 


Crud ard orders welcome by post ar hone. Cash or chaque 
Other orders add 25p P & P 
K. i 


PLUS LOWER PRICES AND USUAL NEW FULL SPECIDEVICES 
NOW POST FREE ORDERS OVER £3 ~ CASH OR CHEQUE. OVER £10 5% OFF. 


MEMORIES & MICRO'S 


inch 1=2), 


MIXED QUANTITY. 


OPTO All grade 1 - DEVELOPMENT SETS FULL SPEC PAKS £1 TRANSISTORS CMOs TTL LOW POWER SCHOTTKY 
DL707CA/7040e All loose packed int bag | PAK T: Ten.x Motorola | Matching 20p'ns. kit 10p* | Full range 7400 7p* | 74LS00 16p*|74.8153 55p* 
FNDS00CA or CC SET 1: 260 x 60 volt Plastic Power NPN-2 amp | AC127 17p* BD131 37p* | in lists 7401 = ‘Bp* | 741802 18p*|74LS167 55p* 
DL747CA or CC ——169* | ceramic Capacitors 5% 60 volt (80131 type) £1 |AC176 10p* BD132 37p* 7402 10p* | 741804 19p*}74L8158 115p* 
LEDS Big & bright 10 cach, 22pf to O.1ut £5 PAK A:12xRed LEDs £1* | AC187 20p* BDG9S G9p* | 4000 14pt 7404 Ips | 74L S08 19p*|741S160 120) 
RED 3mm//g"dia gpt | SET 2: Tantulums 1 uf PAK B:6x741 DILB £1* | ACI8B 20p* BDG96 69p* | 4001 14p* 7405 —Bp* | 74LS10 2Opr}74LS161 95 
RED 5mm/0.2" dia Sp*_| to 200uf 20v to 36v total £1* | AD161 40p* BESO 16p* | 4002 14p* 7408 —_9p* | 74LS13 40p* 47418162 130p* 
5mm Clip & Lock Ring _3p* | 80 Capacitors £5 €1* | AD162 40p* BFYS1 16p* | 4007 14p* 7409 10p* | 741.814 100p* 7415163 120p* i 
TIL209 Red & Clip 10p* | SET 3: Electrolytic 26 volt £1 | AF239 42p* BEX29 28p* | 4008 65p" 7410 10p* | 74L S20 19p*|74LS164 120p* 
GREEN or YELLOW oti Go. 1O.cach 1/2/5/, | NEW PAK O: Yanboai2 | Bcio? soe 8x20, 189" | 4008 96p: 7413 25p* | 741822 26p*|74LS165 75p* |1C SUPERMARKET 
with Clip 3 or 8mm dia 19p* | 10/47/100/220 BC108 Bp* MJ2955 £1 74.827 36p*|74LS173 100p* 301 Op Amp 30p* 
Color LEO no Clip 16p*_| 5 each 500/1000 £5 13x 2N3704 a BC109 9p* MJE340 44p* 74LS30 20p*|74LS174 100p* |555 Timer (NESSS) —27p* 
SET 4: 1/3 watt Resistors £1* | BC109C 15p* MJE2955 75p* 74LS47 85p* |74LS175 100p* 1556 Dual Timer 60p* 
ber 10% off Bun, | BHCF. 10 each 10 ohms x2N3819C £1 |BC147 12p MJE3O5S 75p* 74LS55 30p*|74LS181 300p* | 709 DIL 14 25p* 
2102 RAM 450ns BBR | to 10 meg ohms, 10x Knob %" dia | BC148 12p MPU13136p 74873. 45p*|74LS190 95p* | 710 Comparator 40p* 
BLO RAM SEOnt  YEOES. | Total 600, £5 | motal trim (synthesiser)€1 | 8C149 12p ORP12(P)49p* 74(874 37p*|74LS191 95p* | 723 Regulator ‘45p" 
21 he RAM eon P* | SET 6: Zeners 400 mW PAK J: 6x2N3053 £1" | 8C157 15p TIP41A GOp* 74LS75 45p*|74LS192130p* | 74108 pin DIL OPA 18p* 
LO dala Total 100, 3 — 33 volt £6 BC158 15p TIP42A 65p* 74LS83 100p* }74LS193 130p* | 741 TO99 or DILI4 3p 
an tH18 pin Lue oops | SETS: 10 presets £6 BC159 15p TIP295560p* 74LS85 100p* }74LS195 130p* | 747 Dual 741 60p* 
ee EoAOe “ath Tooke | PASSIVE GEAR PAK M: 4 x pairs NPN/PNE BC167 10p TIP305650p* 74LS86 37p* |74LS196 110p* | 748C Op Amp 33p* 
a6 INTEL 2000p" Resistors 1/5W5% CF 2p | 2amp 6Ovolt BC1u8 11p TIS43 36p 74LS90 85p*|74LS221 95p* | 3900 Quad Op Amp 45p* 
3632 6v EPROM POA * Presets Pr Vert 10p N:50%OAB1/91 £1 | BCI6D 12p 2N2606 30p° 74L893_85p* |74LS240230p* | 7805 tamp Svolt. 6p" 
Type 45 Potslog/lin 26p 20x small signal BC177_ 18p* 2N2905 22p* 74LS107 42p* |74LS241 230p* | 7805 (TO3) LM309K eos 
CAPACITORS Torts 12» |NPN.similarto 109 £1 | BC17B 16p* 2N2026V 10p 748112 |74LS242230p* | 7808, 7812 
Micro BUSS STOP Hae SOR SK HIT STAB | PAK O: 60x 220ut BC179 18p* 2N3053 16p* 100p* |74LS243230p* | 8038'Sig Gen 
8080 CPU ImHz 600p* | Sant too tut 22.47. bp | Eavolt Electrolytic £1 | BC182 0p 2N3O56 4p* 748122 75p* |74LS245 300p* | 7900 Series 
6800 CPU imHz —700p® | 22r 00. ut 22 « P TPAKR: 14xBC107 £1" | BCIB2L 10p 2N3614 £1* 74.8123 69p* |74LS261 200p* | 76013 & 76023 
6809 CPU Pore | ELECTROLYTICS 25 volts PAKS: 14xBC108 £1" | 8C183 10p 2N3702 9p 7aLsi24_—_ {748257 110p* | cA3130, 
6802 CPU/RAM tmHz 1200p*| 1/10/47/100uf ALL 10p | PAK U: 4x 1A60vSCRE1* | BC183L 10p 2N3704 9p 160p* |741S259 160p* | CA3140 
6846 PIA FMIKBUG, 2600p" | (50v 20p) 220/470ut 30p |PAK V: 60xSuf lov £1 | BC184 10p 2N3706_ 9p 7aisi32 [748298 225p* | ca3046, 
ROM&TIMER 2600p" | 1000uf 26v 35p | PAKW: 40xElectrolytics | BC184L 10p 2N3B19E 18p op 1748373 200p* | CA3054 
Ga20 ROBT PIA BOO" | KNOBS 1” diaBtrim 15p | Mixed, all good — £1. | BC212. 12p 23820 38p 7448133 55p* [748374 175p* | L2005-2%amp Bvolt 
850 ACIA ImHz -600p* |, [PAK X:4x855 Timer £1* | BC212L 12p 2N3904 15p 7ALS13855p*] RIAs | LM300 Regulator 
RO NOM UARY, gone | HEATSINKS TO3  25p* | PAK Y:5x Ouol Transistors | 8C213 12 2N3906 15p 74(813955P" | pien9 100 M380 1 watt amp 
elold by UART —6o0p* | TO3 large 5Op* TV4 25 | M7021, Glead TOS £1* | BCZISL 12 2N5457 32p 748151 Meow tops | LM381 Dual Preamp 105p 
$F96364 VOU IC 1400p* | TOS or TO18 9p | PAK Z: 20x PNP small BC214 12p 2N5777 44p° 100P*|5R 100 M387 Dual Preamp 50p 
8360. VID tchip. — POA® | VERO ALLO.1” & Most _| signal 3702 type £1 | BC214L 12 TILAIIR £ DILSOCKETS|piae 25p | LM3900 Quad OPA 45p* 
INTERFACE: RS232 & 3 products at normal prices BULK BUYS 100 0FF— | BCY71 20p* TIL63 Bpin, 14 pin [SCR IA MC1460, 61 & 69 A1 *8000¢ 
MC1488 & 1489 ‘Dope | ssadvertised , | SPECIAL DiscouNT DIODES & BRIDGES or i6 pin 12p*|400v 50p MMOs L835 67D E05 
M6880 & 6889 2008 | ee Eee RD. sence, SEOSIRED 8/100 | 1ampS0volt Bridge 20p* 18 pin 20p* C1060 ESSERE TOE by 
B1LS95 & 96 140p* DALO PCB Pen, 2 nibs 0p 2M3055 20p/100 1N4148 or IN914 4p p 24 & 28 pin 4A 400v 50p TLO71 Lo Noise 741 75p* 
XTAL AH 300p* | vig FEC Etcher  100p | Bcjoe G0/100 | ABI or OAB1 Se | 4568 117p* 74164 100p*] 44 switcHes — | thos} FET 741 oop" 
KEYBOARD DECODED Copper Clad 6"x 4" 60p* | BCi09 7p/100 ieee en cane 108) 4585 70p* 74190 8p" ‘All Lo MINI TLOB3 FET 747 149p* 
Alpha Num ASC11 £85" | PP3 or PPO Clips, pair 15p | 7418 pin 460/100. | iNagoa.7ee 1N4007. 480" 74193 75P") or ofite DPOT 9p | TLOBO FET 748/308 115p* 
Bubble Memory Comming DIN Plugs All ip | 555 22p/100 Li Pp SPST 55p | TLI7OHall Effect — 69p* 
INTEL 8085 +SupportPOA | DIN Sockets All 10p!4| aco GRRONE ITER = aa Push On 35p 
Disco Strobe Tube 6800p | 19% DISCOUNT ‘aoe [slide 25p 
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Adirectory of electronic component suppliers to Elektor readers 


1F THERE IS A COMPONENT SHOP IN YOUR AREA NOT LISTED BELOW PLEASE LET US KNOW 


2 
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AREA 1 


ACE Mailtronix Ltd., 
Tootal Street, Wakefield, 

W. Yorks, WF1 5JR. 

Tel: 0924-250375 


A. Marshall (London) Ltd 
85 West Regent St., 

Glasgow G2 20D 

Tel: 041-332-4133 


Aitken Bros. & Co. 
35 High Bridge, 
Newcastle upon Tyne, 
NE1 1EW 

Tel: 0632-26729 


The Amateur Radio Shop 
13, Chapel Hill, 

Huddersfield, Yorkshire, 

Tel. 20774 


Bell’s Television Services 
190, Kings Road, 

Harrogate, Yorkshire, 

Tel. (0423) 55885 


Derwent Radio 

28 Hillcrest Avenue, 
Scarborough, N. Yorkshire, 
Tel: (0723) 63982 


Electrovalue Ltd. 
680 Burnage Lane, 
Manchester M19 1NA 
Tel: 061-432-4945 


Gamma Enterprises 
373 Blackness Road, 
Dundee, DD2 1TL 
Phone Dundee 643061 


Greenbank Electronics 
94 New Chester Road, 

New Ferry, Wirral, 

Merseyside L62 5AG, 

Tel. 051-645 3391 


S & M Turner 


83 Rochdale Road, 
Bury, Lancs, 
Tel: 061 761 2069 


Tandy, 


Flottergate, 
Riverhead Centre, Grimsby. 
Tel: 57780 


Shudehill Supply Co. Ltd. 
53 Shudehill, 

Manchester M4 4AW, 

Tel: 061 834 1449 


Spectron Electronics 


Manchester Ltd 

7, Oldfield Road, Salford, 
Greater Manchester 

Tel. 061 834 4583 


M & B Components Ltd 
86 Bishop Gate Street, 

Leeds 1 LS1 4BB, 

Tel. 0532 35649 


Progressive Radio, 
93 Dale Street, 

Liverpool 2 25D 

Tel: (051) 2360982 
Electronic Assembly 
Services, 


Bright Street Works, 
Bury, Lancs, BL9 6AQ 


AREA 


A. Marshall (London) Ltd 
1 Straits Parade, 
Fishponds Rd. 

Bristol BS16 2LX 

Tel: 0272654201 | 
Crystal Electronics 
40 Magdalene Road, 
Torquay, 

Devon. 

Tel: 22699 

G.F. Milward 

369 Alum Rock Road, 
Birmingham B8 3DR, 
Tel. 021-327 2339 
L.F. Hanney 

77, Lower Bristol Road, 
Bath BA2 3BS, Avon 
Tel: 0225-24811 

The Radio Shop 
16 Cherry Lane, 

Bristol BS1 3NG, 

Tel. Bristol 421196, 
S.T.D, Code 0272 


Durrant Radio, 


(Component Service) 
9, St. Marys Street, 
Shrewsbury, Shropshire. 
Tel: 61239 


Swift Electrical, 
17—19, Harborough Road, 
Northampton. NN2 7AX 
Tel: 0604 712999 


Marco Trading, 

The Old School, Edstaston, 

Nr. Wem, Shropshire. SY4 5RJ. 
Tel: 094872 464/465 
Marcson Electronics, 
155 High Street, 

Chasetown, 

Walsall, Staffs, 

Tel: (05436) 4632 


Target Electronics, 


16 Cherry Lane, 
Bristol. BS1 3NG. 
Tel: 421196 
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AREA 


A. Marshall (London) Ltd | 
40-42 Cricklewood Broadway, 
London NW2 3ET 
Tel: 01-452-0161 
325 Edgeware Road, 
London, W.2 

Tel. 01-723-4242 
Ambit International 
25 High Street, 

Brentwood, Essex, 

Tel. (0277) 216029, 

Telex: 995194 

Anco Distributors, 
50 Rainsford Road, 
Chelmsford, Essex, 

Tel: (0245) 58605 
Arrow Electronics 
Coptfold Road, 
Brentwood, Essex, 

Tel: 0277-219435 

Audio Electronics 
301 Edgeware Road, 
London W2 1BN 

Tel: 01 724 3564 

Basic Electronics Ltd 
18 Epsom Road, 

Guilford, Surrey 


B. Bamber Electronics 
5 Station Road, 

Littleport, Cambs. CB6 10E, 
Tel. ELY (0353) 860185 
Baydis Ltd., 

54, Mortimer Street, 
Herne Bay, Kent. 

Tel: Herne Bay 64586 

BI PAK, 

18 Baldock Street, 

Ware, Herts. 

Tel: (0920) 61593 
Bywood Electronics 
68 Ebberns Road, 

Hemel Hempstead, 

Herts HP3 9ORC 

Tel: 0442-62757 

C. N. Stevenson 

236 High Street, 

Bromley, 

Kent. BR1 1PQ 

Tel: 01 464 2951/5770 
Cavern Electronics 
94 Stratford Road, 
Wolverton, Milton Keynes, 
Tel. Milt. K. 314925 
Charles Town 

89 Carrington Street, 
Nottingham, 

Tel. Nottm, 868933 and 55489 
C.P. Developments 
16 Hughenden Road, 

High Wycombe, 

Bucks HP13 5DT 

Tel. 0494 30043 


C.T.S. Ltd 

20 Chatham St., 
Ramsgate, Kent CT11 7PP, 
Tel. Thanet 54072 
Custom Electronic 


Controls 

45, Picardy Road, 
Belvedere, Kent DA17 5QH, 
Tel. Erith 34476 


Dawes Electronics 
121 Dawes Road, 
London SW6. 

Tel: 01 381 3975 
Direct Electronics 
627 Romford Road, 
Manor Park, 

London E12 5AD, 

Tel. 01-553 1174 


D.P. Hobbs 

11 King Street, 
Luton, Beds. 

Tel: (0582) 20907 
Eagle electronics 
10, Eagle Street, 
Ipswich. 

Suffolk, 1P4 1JB. 
Tel: Ipswich 58075. 
Electrovalue Ltd. 
28 St. Judes Road, 
Englefield Green, 
Egham, 

Surrey TW20 OHB 
Tel: Egham 3603 


Eley Electronics 
100/104 Beatrice Road, 


Leicester, 
Tel. Leicester 871522 


Frank Mozer Ltd 


5 Angel Corner Parade, 
Edmonton, London N18, 
Tel, 01-807 2784 


Frazer-Manning Ltd 
26 Hervey Street, 
Ipswich, I1P4 2ES, 

Tel. 50975 

Foreway Services 

19 Old High Street, 
Headington, 

Oxford, 

Tel: 0865 68472-3 


GB Garland Bros. Ltd 
Chesham House, 

Deptford Broadway, 
London SE8 4QN, 

Tel. 01-692 4412 
Greenway Electronic 


Components 
(East Grinstead) Ltd., 
62 Maypole Road, 
Ashurst Wood, 

East Grinstead, 
Sussex, 

Tel: 034 282 3712 


Harrington Colorvision 
9 Queen Street, 

Colchester, Essex, 

Tel. Colchester 47503 

HB Electronics 

22, Newland Street, 

Kettering Northants, 

Tel. (0536) 83922 


Henrys Radio 
404 Edgeware Road, 
Lodon W2. 

Tel: 01 723 5095 


H.G. Rapkin, 
11, Kettering Road, 
Abington Square, 
Northants. 

Hi Fi Care, 


245 Tottenham Court Rd., 
London W1 
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ILP Electronics Ltd 

Crossland House, 

Nackington, 

Canterbury, Kent, 

Tel: 0227 63218 

J.T. Filmer, 

82 Dartford Road, 

Kent DA1 3ER 

Tel: (0322) 24057 
Kays Electronics, 
195 Sheffield Road, 
Chesterfield, 
Derbyshire 
Tel: (0246) 31696 ; 
Lloyd Electronics 
126, High Street, 
West Wickham, Kent, 
Tel: 01 7773247 
MTRS 
20 White Hart Street, 
Mansfield, Notts., 
Tel. Mansfield 23107 
Maydale Electronic 


Services 

2 Wellesley Parade, 
Godstone Road, Whyteleafe, 
Surrey CR3 OBL, 

Tel. Upper Warlingham 5169 


Mays of Church Gate 
12/14 Church Gate 

Leicester LE1 4AJ, 

Tel: 58662 

Orchard Electronics 
Orchard House, St. Martins St. 
Wallingford, Oxon OX10 ODE, 
Tel, Wallingford (0491) 35529 
Electronic Centre 

45 Lower Hill Gate, 
Stockport, Cheshire SK11 1JQ, 
Tel: 061 4809791 
Phonosonics 

22 High Street 

Sidcup, 

Kent . 

RB Electrical & 
Electronics, 


24 Springfield Park, 
Hollyport, 

Maidenhead, 

Berks. 

Tel: 0628 39798 
R.S.M. Television 
38 Carrington Street, 
Nottingham, 

Tel, Nottm. 868933 

S & A Enterprises, 
25, Common View, 
Letchworth, SG6 1B2Z. 
Herts. Tel: 01 467 0092 
Noble Electronics, 
26, Lloyd Street, 
Altringham, Cheshire, 
WA14 2DE 

Tel.: 061941 4510 
Norman Inskip 
90 Charles Street, 
Greenhithe, Kent. 

Tel: 0322 844985 


Smiths of Edgware Road 
287-289 Edgware Road, 

London W2 1BE, 

Tel. 01-723 5891 


Swanley Electronic’ 
P.O. Box 68 


Swanley, Kent, 
Tel. Swanley 64851 


C & L Electronics 


81 Rosemary Road, 
Nr, Jackson Corner, 
Clacton on sea, Essex, 
Tel: 0255 23266 


S.R. Services 

21b, Park Road, (entrance 
Queens Road) Chislehurst, 
Kent. Tel: 01 4670092 
Suttons 

50 Blue Boar Row, 
Salisbury, 

Tel. 27171 

Tandy, 

1 Emmanuel Street, 
Cambridge CB1 1NE 

Tel: (0223) 68155 
Technomatic Ltd., 
17 Burnley Road, 
London, NW10 

Tel: 01-452 1500 

Telex: 922800 


Telecraft 

53 Warwick Road, 
New Barnet, 

Herts ENS 5EQ 
Tel: 01-440-7033 
Teleradio 
325-7 Fore Street, 
Edmonton, 
London N9 OBE 
Tel. 01 807 3719 
Brian J. Reed, 
161 St. Johns Hill, 
Battersea, 

London SW11. 
Tel: 01 223 5016 


QC Trading 

1 St. Michaels Terrace, 
Wood Green, 

London N22 4S, 

Tel. 01-889 7593 

Vero Electronics Ltd. 
Retail Dept., 

Industrial Estate, 
Chandlers Ford, 

Hants SO5 3ZR 

Tel: Chandlers Ford 2956 


Videocraft 

Assets House, 

Elverton St., 

London SW1P 20R 

Tel: 01-828-2731 
Watford Electronics 
33 35 Cardiff Road, 
Watford 

Herts WD1 8DS 

Tel. 0923 37774 
Xeroza Radio, 

306 St. Pauls Road, 
Highbury Corner, 

London N1. 

Tel: 01 226 1489 
Zartronix 

115 Lion Lane, 
Haslemere, Surrey, 

Tel: 0428 52445 
Rushmoor Electronics 
43, Queens Road, 
Farnborough, 

Hants GU14 6JP 

Tel. Farnbourough 515373 


AREA 4 


The Electronic Centre 
16 College Square East 
Belfast 1 

N. Ireland 

Tel. Belfast 27357 


WM. B. Peat & 


Company Ltd 
25/26 Parnel Street 
Dublin 1, Ireland 
Tel. 749973/4 
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international 


BELGIU 


Vadelec Electronic 


Components 


Rue de la Roue 35-37, 
B 1000 Brussels 


CANADA 


Kitronic 


26236 - 26th Ave., 
RR 5, Aldergrove, 
British Columbia 


DENMARK 


Dansk MINI Radio 
Nr. Farimagsgade, 
57-59, 

1364 Copenhagen K. 
Aage Nielsen Eftf. 
1, Sortedam Dosseringen 
2200 Copenhagen N. 
Hobby Electronics, 
37, Nedergade 

5000 Odense 
Frederikshave Hobby 
Elektronik 

9, Havnegade 

900 Frederikshavn 
Elektroden, 

5, Tordenskjoldsgade 
8200 Arhus C, 

IB’s Radioservice, 
Hovdrupvej 22, 

9400 Norresundby 

WK Electronic, 


6, Skoletorvet, 
8600 Silkeborg. 


Kolding Elektronik, 
40, Agtrupvej 40, 

6000 Kilding 

Ulla Electronic, 


Christiansgade 58, 
9000 Alborg 


Radiolytternes 
Indkobscentral, 
18, Borgergade, 

1300 Copenhagen K. 
Holte Elektronik, 
Holte Midtpunkt, 
2840 Holte 


Lillie Elektronik, 
89, Sondergade, 
6500 Vojens 


Gettermann Electronic, 
Radhuspassagen, 
7100 Vejle 


EL-Star Hobby, 


143 Finsensvej, 
2000 Kobenhavn F. 


Rotec, 
16, Jernbanegade, 
4800 Nykobing Falster 


> 
2 
(=) 
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BERIC, 


43 Rue Victor Hugo, 
Malakoff 92, Paris 
PENTASONIC 


5 Rue Maurice Bourdet 
75016 Paris 


Selectronic, 


14, Boulevard Carnot, 
59800 Lille, France 
Tel: (20) 55.98.98 


PRECIOUS ELECTR 
CORPORATION 


3 Chunam Lane, 
Dadasaheb Bhadkamker Marg, 
BOMBAY - 400 007 


DONESIA 


Inel Co., 


Office: JI. Naripan 98, 
Bandung, 
Tel: 59544 


ISRAEL 


K.D.M. ELECTRONICS 


Tel Aviv, LTD. 
21 Tchernihovsky St., ‘ 


P.O.B. 4770 


TAL 


COK PAOLA 


Strada per Longere 344 
34149 Trieste, 


ELCOM 


34170 Gorizia, 
Via Angiolina 23 


SOUTH AFRICA 


PHILTRON (PTY) LTD., 


P.O..Box 2741 
Pretoria 0001, 


COILTRONIC 
Box 5007, 
16305 Spaanga 


KITEL Distribution 
Box 21038 
S$-100 31 STOCKHOLM 


TURKEY 


ELEKTRONIK DERG! 


VE KITAP 
Yayinevi P.K. 1126, 
Karakoy, 

Istanbul,; 


URS 


INTERNATIONAL 
ELECTRONICS 


UNLIMITED 
P.O. Box 449 
Carmel Valley 

Cal, 93924, U.S.A. 
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Classified 


The prepaid rate for classified 
advertisements is 12 pence per word 
(minimum 12 words). Semi-display 
setting £4.00 per single column 
centimetre (minimum 2.5 cms). All 


cheques, postal orders etc., to be made 


payable to Elektor Publishers Ltd. 
Treasury notes should always be sent 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 10 
Longport, Canterbury CT1 1PE. 


[eet ae 
Videograph Il links to the aerial socket of 
your tv and provides a full colour 
oscilloscope display! A must for hi-fi, home 
entertainment, discos, organs etc. 

Now — signal invert control, integral square wave 
generator. Plus — full details for testing your audio 
system for transient distortion, crosstalk etc 
Complete 9.5 Luxury cabinet and 
Kit only controls, £9-95 

ING. POST, PACKING, VAT READY BUILT VIDEOGRAPH £59.95 
VWVILLIAI Bowe: House, otencay Roos 
STUART, Essex CMI9 380 

feaainvardl reo cards are acceptable, 


ELECTRONIC KITS — SAE for new 
falalogue, and-clearance list of obsolete 


AMTRON UK, 
7 Hughenden Road, Hastings, Sussex. 


NOT THE CHEAPEST — THE BEST 
QUALITY, Low-Noise-High Output, 
CASSETTE TAPES, Free Library Case 
Index. 

C60, 5 for £2.87, 10 for £4.95 
SAMPLE TAPE 62p. C90 5 for £3.45, 
10 for £5.95, SAMPLE TAPE 72p, 
VAT PAID, Add 15% for Postage. 
(Money Back Assurance) 

SIGTRONIC ELECTRONICS 

27 Malvern Street, Stapenhill, 

Burton on Trent, Staffordshire. 


RESISTOR PACKS, 25 each value 
220 ,270 ,390 ,470 ,1k., 
2.7k ,3.9k ,10k ,15k ,27k:, 
33k ,47k ,100k ,220k ,470k , 
1M_ (5% Carbon Film) 

£2 inclusive. D. Johnston, 12 Balgillo 
Road, Dundee, DD4 3LU. 


CONDITIONS OF ACCEPTANCE OF 
CLASSIFIED ADVERTISEMENTS 


1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 
Advertiser warrants that the advertise- 
ment does not contravene any Act of 
Parliament nor is it an infringement 
of the British Code of Advertising 
Practice. 


2. The Publishers reserve the right to 
refuse or withdraw any advertisement. 


3. Although every care is taken, the 
Publishers shall not be liable for 
clerical or printers errors or their 
consequences. 

4, The advertisers full name and 
address must accompany each 
advertisement submitted. 


TUNBRIDGE WELLS COMPONENTS. 
at BALLARD'S, 108 Camden Road, 
Telephone: 31803, No lists, S.A.E. 
Enquiries. 


FASTEST VMOS, CHEAPEST 
LINEAR around, ¢.g. 4013B (25MHz 
typ. at 10v) 35p, CA3140E 40p, 
CMOS from 99p. Easy Discounts. 
SAE for spec/price list to:— 

J. W. RIMMER, 367 Green Lanes, 
Harringay, London, N4. 


COLOUR MODULATOR 


BARGAIN PACKS 
L 


TT 

7400,01,02,03,04,08,10,20,30,51 
ANY MIX 10/£1.00, 100/£9.00. 
7433,48,104,105,109,122 

ANY MIX 10/£1.90, 100/£18.00 
7445,46,92,95,151 

ANY’ MIX 4/£1.00 
7443,83,96,156,160,162,163 

74165 ,180,193,194 

ANY MIX 3/£1.30, 10/£5.20 
BC184,2N711, — 12/£1.00 

OCP70 5/£1.00 

SIMILAR TO 2N2192 — 20/£1.00 
MAN 10 0.27" — 4/£3.00 
BAX13,N4151 — 100/£1.50. 

TBA 120/A 2/£1.00* 

IN5400 10/£0.80, 74S10 20/£1.00 
PANAPLEX 9 DIGIT 7 SEG. 
DISPLAY 2/£2.50 

THYRISTOR 3A 25V — 3/£0.50 

* L/SP 2%” DIA. 40 OHMS — 2/ 
£1.00*  *RESISTORS 10/T0.09 
100/£0,80 ANY MIX E12 — 10 
OHMS TO 1 MEG -*CAPACITORS 
CERAMIC 27P to 8,700P E12 
SERIES 10/£0.30. POLYESTER 0.01 
to «1 10/£0.50 ANY MIX 1 MF 10/ 
£1.00, ELECTROLYTIC 63V IMF to 
10MF 10/£0.70. 16V 10MF to 100MF 
10/£0.70. 

TELEPHONE ORDERS COV. (0203) 
611597 USING ACCESS CARD NO. 
V.A.T, ADD 124% TO ITEMS 
MARKED * TO ALL OTHERS ADD 
8% IBEK SYSTEMS, 32 DUNSVILLE 
DRIVE, COVENTRY CV2 2HS 


ATX) 


MODEL X25 


General purpose 25 watt 
Soldering Irons 
aré made to an exceptionally 
high specification and 
assembled from components of 
the best available quality, 
almost entirely 
manufactured under our own 
control. 
The outstanding feature of the 
X26 iron is the double shaft; 
a ceramic shaft to provide 
near-perfect insulation, a 
breakdown voltage of 1,500v 
A.C. and a leakage current of 
only 3-5 uA, and another 
shaft of stainless steel to 
ensure strength for use on 
workbenches and in factories. 
Constructed on the same 
principles as our miniature 
soldering irons, efficiency in 
heat transfer is again obtained 
by sliding the large volume 
bits over the steel shaft. 

The heat, stored in these bits 
and the position of the 
element ‘inside’ produce an 
iron with a capacity 
equivalent to conventionally 
constructed ones of much 
higher wattage. 

The model is normally fitted 
with the No. 51 bit (see range 
of bits next page) and 1:80m 
(6’) of 3-core lead. 

The length (22cm-83"’) and the 
weight (50gr—1-750z) are such 
that the tool is well balanced. 
Spare elements, handles and 
fingergrips can be supplied, 

with reference to the illustrations shown 
Apart from the range of 50, 51 

and 52 bits, this model is also 
suitable for our No. 14A and 

14B bits, used for de-soldering 

14 dual-in-line circuits, 


ed 


AVAILABLE IN SOUTH AFRICA 
FROM: 


Bok Ebectronics. ry. itd 


Telex 8.9111 S,A, 
83-2896 


33.9968 
Bow) 33 s001 


SOUTH AFRICA 33.5922 


119 ALPHA BUILDING PRESIDENT KRUGER ST. 
VANDERBIJLPARK 
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Positive light sensitive 
Aerosol Lacquer 


Enables YOU to produce perfect printed circuits in minutes! 
Method: Spray cleaned board with lacquer, When dry, place 
positive master of required circuit on now sensitized surface, 
Expose to daylight, develop and etch, Any number of exact 
copies can of course be made from one master, Widely used in 
industry for prototype work, 
FOTOLAK + £1.50 Pre-coated 1/16" Fibre-glass 
Developer . +30 board: 204 mm x 114 mm £1,50 
Ferric Chloride . a 140) 204 mm x 228 mm £3.00 
408 mm x 228 mm £6.00 
467 mm x 305 mm £9.00 
Plain Copper-clad Fibre-glass. Single-sidéd. Double sided. 
Approx. 3.18 mm thick. Sq. ft... £1.25\.5 one siete C150 
Approx. 2,00 mm thick, Sq, ft... ++ O00 rss rnves £228 
Approx. 1.00 mm thick. Sa. ft se BUS Oca airniity £1079. 
Single-sided Copper-clad paxolin, 10 sheets 245 mm x 150mm. 
duane rien + £2,50 
Clear Acrylic Sheet for making master. 260 mm x 260mm... .12 
Postage & packing 6Op per order. VAT 8% on total, 


G.F. Milward Electronic Components Ltd., 
369, Alum Rock Road, Birmingham B8 3DR 
Telephone: 021—327—2339 


SPECTRON 
ronics(Mc)Ltd 


Transistors— IC's—Resistors Capacitors—Hardware etc Call in for a Catalogue—Sae for lists 


advertisement 


OUNT PRICES ve 1s 


807 
2 


ADT? maichea paw $55 mess 
iL SoeKEYS an | See eS 
Sincta POM 35 multimeter £29.95 po 
Antes CX 17 frou ing son £3.40 tlt wn stock M4 pin te bead Le) 
PEP 20s ey caer? tustremater ih orcaiToletse aoa aye ee |cR 
foon CORN ee RC 


SPECTRON ELECTRONICS (M/C) LTD., 
7, OLDFIELD ROAD, SALFORD, 
MANCHESTER MS4NE Tel: 061-834-4583 


FEATURES 

— Response DC to SMHz. 

~ Sensitivity. 100mV to 

S0V/division. 

~ Fully calibrated time-base 
circuit and automatic 

blanking, 

— 100% solid state, 

— utilising 13 transistors, 

1 FET and 1 specially designed time-base 

module. 

~ Stabilised power supplies and active 

sync circuits. £83.25 

- Rugged construction together with Add VAT £7.34 
portability. Carriage £1-50 
~ Inexpensive — excellent value and Export Add £5.00 
performance. 


SPECIFICATIONS __ Finocontrot— variabie borwoon stops ~ 
includes time-base calibration position 

ELECTRICAL DATA Blanking — internal — on all ranges 

Axis (Y) SYNCHRONISATION 

n Sonsitivity — 100mV Selection — internal, external 
Bandwidth (between 3dB points) — Synchronisation level — Continues from 
MHz positive to negative 
Input Attenuator (calibrated) — 9 stey POWER SUPPLY 


0, 20, 50V/div. 
Input Voltage — 115/220V AC + 10% at 50/60Hz 


—'1 Meg/40 pf in shunt 
Input Voltage-Max — 600V P-P Powor Dissipation ~ 18W 
CRT DATA 


Horizontal Axis (X) 
Deflection Sensitivity — 0-400mV/division — 3" round display — single beam 
and y3aB — Maximum high voltage — 750V 


1B points) — 1Hz — 
— Filled with 10 section, blue filter graticule 


Gain control — Continuous: when time-base pHysicAL DATA 
in EXT position 

Input Impedance — 1 Meg 
Input Voltage-Max — GOOV P-P 


Dimensions — 15cm (h) x 20.5em (w) x 28cm (d) 
Weight — 3.8 Kg (approx.) 

Stand —2 position: flat and inclined 

TIME BASE Caso — Steel, epoxy enamelled 

Sweop Rango (calibrated) — 100msec/div to. Colour — Light blue 

1M sec/div in 5 steps Front Panel — Anodised aluminium, epoxy printing 


Also from 248 Tottenham 
Court Road, London, W1, 301 Edgware 
Road, London, W2 


All Mail to: Henry's Radio 
404 Edgware Rd, London W2 
Phone (01)723 1008England 


Printed circuit boards from individual 
drawings, photography, prototypes, small/ 
medium runs. 


Resist coated glass fibre laminate for d.i.y. 
no unusual chemicals required. Photo- 
graphic positives and p.c.b’s for those designs 
not offered by Elektor, from issue No. 18 
onwards. 


Drawing Materials, 

Etch resist transfers, 

Selected range accessories and components. 
Send 20p for catalogue. 

Ramar Electronics Services Ltd. 


Masons Rd. Stratford on Avon CV37 9NF. 
Tel. 4879 


UNBEATABLE LOW PRICES 


WE STOCK PARTS 
TO BUILD MUSICAL 
PROJECTS 


As published by leading Magazines, 
send large S.A.E. for lists: — 
DALSTON ELECTRONICS, 

40A Dalston Lane, Dalston Junction, 
London. E8 2AZ_ Tel: 01 249 5624 


Advertisers Index 


Amtron .eseeeee 
Audio Electronics 
B & L Electronics 
Bideford Electronics Ltd: 
Carter Associates . 
Classified ....... 
C. N, Stevenson . . 
Dalston Electronics ... 
David George Sales ... 
Dawes Electronics 
De Boer Electronics 
Eagle Mail Order .. 
Electrovalue .... 
Frazer Manning ...... 
G. F. Milward... 
Greenway Electronic Co! poni 
Henry's Radio ...... b 
H B Computors Ltd 
Kitronic . : 
Marco Trading ‘ 
A. Marshalls Wonden) Ltd 
Norman Inskip.. 
Philtron (Pty) Lt 
Phonosonics 
Ramar Electronics . 
Spectron Electronics . 
Strutt Electrical . 
T. Powell .... 
Technomatic . 
Trampus ... 
Vero Electronics .. 
William Stuart Systems . 
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actor 
C125 
‘ACI26 
acta? 
Act27K 
C128 
‘ACI2BK 
aciay 
Aci42 
acia2i01 


‘Acie? 188 
‘ct3 
ActaaK 
acyiy 
Acv28 
A014 
0183 
‘40161 
‘40161162 
‘80162 
APNG 
ARN? 
AFIIB 
Dare) 
F125 
F126 
har 
‘AF139 
nar 
F179 
‘F180 
art 
AF 186 
A239 
ASY26 
asv2? 
AS¥29 
ASv73 
aszi7 
‘Aui07 
Aun 
AU? 
facia? 
BCIO7TA 
acio7e 
3108 
ac108A 
C1088 
C109 
gens 
Bend 
Bens 
BONG 


AANIO 
AAI 
RAZ 
‘AAMAS 
RAas 
Bato 
BAM 
BANS 
BANS 
BANaB 
Balsa 
BAISS 
BAIS6 
Bais? 
BASS 
BAs9 
GA182 
8A201 
BAz«3 
BAx13, 
BAXI6 
BAXI7 
881058 


0.23 
O19 
015 
015 
023 
012 
0125 
018 
018 
019 
019 
013 
8 
02 
06 


poseecesos099909 
BaSSRSSRSSa! 


012 
ony 


0.10 
0.20 


acl I6A 
gc? 
can 
Bc119 
aca? 
gcia8 
aciay 
css 
acisa 
BC157 
aciss. 
8c159, 
acres. 
BC169 
8c170 
Bert 
B72 
86173 
acu? 
C178 
ac179 
C182 
C183 
c1B3t 
BCIBSLA 
BcrasL8 
Bcie4 
BC ist 
8c186 
cis? 
18204 
Bc2088 
8205 
C2050 
8206. 
C2068 
8207 
C208 
9c2088, 
ac 208c 
18209 
C2098 
aca12 
8C2120 
B21 
BC21IL 
Beata 
BERL 
80237 
E2370 
8c2378 
Bc237¢ 
8238 
C2388 
C2380 
8C239 
8C251 
BC251A 
802528 
C2520 
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881056, 


881106 
8142 
R100 
onto! 
8Y100 
By103 
byie 
8Y126 
Byi27 
8Y130 
Byi33 
Byi34 
pyi4a2 
Byres 
BY176 
y179 
By1a2 
ByiB4 
Byi87 
8y198 
By199 
0Y201-2 


ec2sa 
86261 
86262 
9¢302 
303 
C307 
‘acs08 
Bcat9¢ 
Bc327 
8027.16 
Bc378 
8337 
acise 
BC347A 
BC3S0A 
pcaat 
C46) 
be537 
Besa? 
B54 7A 
5478 
Bcsa7c 
BCsaaA 
BCs488 
csasc 
Bcss7 
8C5578, 
Bcss7¢ 
BC558 
Bc5s9 
BCx32 
BCx36 
Bes 
Bcvao 
acvaz 
Bcyse 
acy70 
Bey? 
acy 72 
gezii 
pr 
Bor 
80123 
0124 
80131 
80131/132 
80132 
80135 
80136 
80137 
80137/138 
80138, 
0139 
0140 
0142 
‘80201 
80202 
80203 
80208 
80254 
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8Y201-3 
By201-8 
8201.5 
8Y201-6 
8Y203.12 
8Y203-16 
8Y203-20 
By2084 
By2048 
BY208.10 
B¥206 
8210-400 
8¥210-600 
8Y210-800 
BYx10 
BYX55350 
BYX85.600 
Yx71-380 
BYx71-600 
82x61 9 
Prarie 
OKIa 
rae 


LINEAR INTEGRATED 


A020 
CA3086 
CAI0N8 
CA3005 
GA30808 
¢A30900 
ETTEO16 
ETTRGO'G 
me1303t. 
Me1304P 
C1305, 
MCI307° 
MGI310P 
MC1327° 
MC1327P0 
MC1330P 
MC1339P 
Mci349 
MCi351P 
MC1352° 
MC1358P0 
SAASIO. 
SAA700B 
SASS6O 
SA8870 
SBA7508 
809503" 


ahasasseacesasseess 


Sc9so4P 
Stata, 
SLaIA 
st9o18 
SL9178 
SUI310 
SLI327 
SL3046 
SN76003N 
8N76003ND 
SN7601.3N 
3N70613NO 
5N76023N 
'3N76023NO. 
5N76033N 
5N76110N 
SN76131N 
8N76226N 
8N76226NO 
$N76227N 
SN76532N 
SN76533N 
SN76544N 
SN76550N 
SN76560N 
SN76666N 
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BRIDGE RECTI 


CURRENT 
1" 


voLTace 


825/400 


THYRISTORS 


ORDER 


TAA300 
TAASIO 
TAAI20 
TAASSOA 
TAA 
TAASSO 
TAASSOB 
TAASTO 
TAAG2 
TAAGI0. 
TAAG30S 
TAAGBIA 
TAAGEIB 
TATOO 
TAABAO 
TAD100 
TBANZOA, 
TBAI20AS 
T8A1208 
T8A12058 


80235, 
80238 
80437 
80x77 
BF 153 
F178 
8F179 
F180 
BFIBI 
BF 182 
BF 183 
Br iBa 
F185 
BFI94 
BF 195 
BF 196 
BF 197 
BF200 
1BF202 
8F203 
BF 328 
BF 336 
BFS28 
BFWIO 
BFWit 
BFWSO 
BFWS? 
OFWs 
BFxI2 
BFX29 
BFXI0 
Br xB4 
BF XE. 
BF x89 
BFYSO 
BFYSI 
BF YS? 
3F¥90 
anton 
SRY39 
ORY S5 
Bsvee 
B3v79 
svB0 
svar 
95x21 
usvao 
BSY95A 
T1086 
8105 
8UI26 
Bu204 
8U205 
8207 
0cz? 
0029 
ca 
cas, 
ocr 
ocr? 


oc7s 
ocat 
0ce2 
T1P29 
11p298 
TiP30. 
TIPJOA, 
11P308 
Tip 
TIP31A 


Tipa2a 
Tipaza 
11P2955 
T1P3055 
11890 
26393 
2Naot 
24564 
2N696 
2N697 
2N706 
2N706A 
2N708 
2N91B 
2N929 
2noB? 
2N1302 
2N1303 
2nv304 
2N1307 
2N1308 
2N1309 
2niaea 
2N1507 
2N1613 
oni6r1 
ani 
2n2218 
2N22198 
2n2221 
2n2222 
2N2369 
2naaor 
2n2412 
2N2483 
2N2646 
262904 
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irr210 


tra27 
irr924 
177923, 
1771075, 
112001 
17172002 
Mns02 
MABIS 


TOASIO 
TeAsIO0 
TBAS20 
‘THAS200 
TBASIO 
TBA5300 
TBA540 
TBAS400 
TBAS5O 
TBA8500 
TOASEO 
TBAS6OC 
TBAS600, 
TBAS60CO 
TBA5IO. 
TBAS700 
TOAGATAIZ 
TBAGAIBII 
TBAGI3 
TBA700 
TBA7000 
8A720 
TBA7200 
TBA720A0 
TOA750 


eoaeaaspenco 
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Size 2" x2" x1 


FSD. 


Ima 
00mA 


TRIACS 


oranzcpeecoon. 
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3288. 


2n29080 
2n2905 
2N2505A, 
2N2906 
2N29070 
2N29266 
2N2926) 
263083 
2N3054 
23055, 
263055, 
Motorola 
2N3133. 
an3aaa 
283853, 
2N3702 
2na708 
2N3705 
pna7it 
2N3715 
2N3819 
23903 
2N3904 
23905 
23908 
2na058 
2Naie4 
25036 
2nsaea 


1NS761 


T9A7500 
TBABOO 
T8A8000 
TBABIOA 
TBABI0S 
TBAB20 
BANS 
T8A920 
1849200 
TBA95O2 
TBA950-2x 
T6A990 
TeA9900 
TCAI6O 
TCA270 
TCA2708 
¢A2700 
TCAQ708 
CA27080 
TCABOO 
‘TCAB00a 
TCAR30 
TOASAO 
TOAI327 
TOAI3276 
TOAI330 
may 
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{AW Single wen cexmar powentioneter, Values av 
5O0R, TKO, 2KO, 5KO, 10K, 20K, BOK, 100K, 
‘Price 0,97 each, 


BOOK, 1M, 


He 100R, 200R, 


XM Multiturn conmet pe 
200R, 5OOR, 1K0 2K0, 


lomater, Values 
). 10K, 20K, 1 


20R, SOR, 100R, 


4K7 10 BKB 0.24 ssch, 
TW Values available in E12 series from R47 10 22K, 
Prices Ra7 10 RB? 0.25 each. 
TAO to 1KO 0.26 each, 
1K2 to 12K 0.27 exch, 
15K 0 22K 0:20 each, 
11¥7 Values available in £6 series from 1RO to 22K, 
Pri 1K0 0.29 each. 
1KS to 12K 0.30 eech, 
15K 10 22K 0.38 ech. 
12W Values available in €6 series from 1RO to 22K, 
Prices 1A 10 4K7 0.39 eeeh, 
BKB 10 22K 0.41 eech, 


CAPACITORS 


Tantalum Boad 
6.3V 47uF 
100uF 
10uF 
22uF 
47uF 
22uF 
O.1uF 
0.22uF 
0.47uF 
1.0uF 
2.2uF 
4.7uF 


16V 


25V 
36V 


Disc Coramic 
8kV 150pF 
180pF 
200pF 
220pF 
250pF 
270pF 
300pF 
Mixed Dielectric 
600V 


1kV 


dur 
0,01uF 
0.033uF 
0,047uF 
O.1uF 
0.22uF 
0.47uF 
O.1uF 
0.001uF 
0.0022uF 
0,0047uF 
0.22uF 
Single Ended Electrolytic 
16V 10uF 
22uF 
47uF 
100uF 
220uF 
470uF 
1000uF 
duF 
2.2uF 
4.70F 


0.11 esch 
0.11 each 


1W Potentiomet 
100R, 2604 

Prices 10R 10 5KO'1.61 ach, 

YOK & 20K 1.62 eech, 

1.5 Convergince preset potentiometer, Values available SRO, 7RO, 
TOR, 15R, 207, 100R, 5007. 

Price 0.50 wech. 
2W 10 Turn potentiomster, Values available 1OOR, 2008, 5OOR, 1KO, 
2K0, 8K0, 10K, 20K, 50K, 100K. 

Price 7.34 each. 


0.14 each 
0,14 each 
0.17 each 
0.17 each 
0.36 each 
0,47 each 
0.72 each 
0.14 each 
0.14 each 
0.14 each 
0.17 each 
0,17 each 
0,29 each 
0.40 each 
0.65 each 
0.66 each 
1,01 each 
1,44 each 
0,20 each 
0,25 each 
0,36 each 
0.61 each 
0.68 each 
0.27 each 
0,45 each 
0.53 each 
1,07 each 
1,22 each 
Silvered Mica 
soov 0.18 each 
0,18 each 
0.18 each 
0.18 each 
0,18 each 
0.18 each 
0.18 each 
0.18 each 
0.36 each 
0.36 each 
0,36 each 
0,36 each 
0.42 each 
0.50 each 
1.58 each 
1,62 each 
Multi-sectional Electrolytic 


10uF 
22uF 
47uF 


0.13 each 
0.16 each 
0.22 each 


30v 2500/2500uF 
70V 2600/2500uF 
300v 150/150/100uF- 


1.94 each 
2.70 ach 
2.81 each 


100uF 
220uF 
Double Ended Electrolytic 


0.32 each 
0.46 each 


350V 200/300uF 2.46 each 
200/200/100/32uF 3.89 each 
150/100/100/100/ 


10V 22uF 
100uF 
220uF 
470uF 
1000uF 


90, Charles Street, 
Greenhithe, Kent. 
Tel: Greenhithe (0322) 844985 


0.14 each 
0,14 each 
0.17 each 
0.36 each 
0.40 each 


‘CURRENT 
BOmA 
BOmA 


VOLTAGE CASE 
Tore 
TOW 
TO18 
10220 
70220 
70220 
70220 
70220 
70220 
70220 
70220 
70220 
10220 
70220 
10220 
70220, 
10220 
70220 
70220 
70220 
70220 


CODE VOLTAGE CASE 
70220 
10220 
10220 
70220 
70220 
70220 
70220 
10220 


ORDERING 


Orders despatched by return of post. Payment with 
order, please add 20p for p/p with orders under £5, 
otherwise carriage free. No other charges — just 
send prices shown, Enquiries: please send s.a.e, 
Government departments and educational institutions 
just send official order, Mail order only, 

Export orders welcome. 


CODE 
3/100 
73/200 
73/400 
76/200 
16/400 
73/400 
710/400 
715/400 


150uF 

400/400uF 

300/300/150/100/ 
50uF 


4.75 each 


cunnent 
an 4,75 each 


5.18 each 
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mani! 
Tage acai 
wigs mete 
7423 na 
4128 ACID) 01 
74128 pea 
rao acti 
74131 A tsaK 
74138 90 Atay 
cian 
74137 
74138 
ara 
74142 
74143 
raise 
falas 
Tatar 


186 
A180 Apis 194 ESR SPECIAL SCOOP OF FER 


‘ 1 \ SCOOP OFFER 
718) Abie? 16 toe 9828 9.02 nen BE Oe 
aes Atel aM ia) viet Beto 
7As04 ARN 198 Testa 0,125 or 0,2" Yellow and 
74185 ARIS BEI99 TP38 Green LEDS 15p, 10 for 
74156, AN NNG 81 200, eee £1.40, 100 for £12.00. 
‘74157 “ p 
waite me wy Hh Beyer taues boone Conon 
74161 ARIE hs kody 11P35 Anode Displays. Character 
rae AA trae 11P39¢ Height 0.6" £2,00 each. 
Jalen algae here pata, FND500 Seven Segment 
jales hate. beds neat ‘Common Cathode Displays. 
ise 7p fxne waa ia Sienna 
io st a oa, 
74167 BAI?) Bar) 2N5777 Photo Carlington 
74170 Warsa whQNa Wee Gp each. 
74173 BAIS/ BObA AR I24 11295 De icte! a5p each. 
mie aa ey a Meas HALT pe 
74175 BAKIS BCD4ABC Bray 
7AN76 BAXIO BCS49H Hh 367 Tiss 
74177 BAW? BCA BE I94 Inei4 
74178 BBI0S BUSS) HEADS 
7A179 RATIO. BCDS/8, HES94 pete! 
74180 8C107 BCYM HF596 1N4002 
74181 BC108 BCY38 BF59/ 
74182 BC 108C Bcya? BF RAO 1N4003, 
74184 80109 BCY43 BF RBO 1N4004 
74185 BC 1096 BCYSB BF W58 1N4005, 
74188 BCI BCY5S9 BFW6O thehed 
74190 Cranes BCYIO BF WBS 1N4007 
BCS BOYIY BFWa9 Nata 
ATA B16 BCYI2 BFW) 2N456A 
74192 Boi? BONS BFX?9 2N929 


74199 POWER SUPPLY CAPS | feiss aia) oreae ana 


2N1302 
22001635 Bent9 Bora texas 
7AiSS BOP | 720040 50470063 1709 | BCI25 80132 OF xae 2N1303 


INi308 
EAs 80126 80135 BF XB) 2N1306 
74198 330020 "Sop 10900198 gop | BCI3« Bose ores N08 
74199 3300/63 90p 1500015 1509 | BC136 80137 BF x8? QNi7it 
74303, 9p | 470040 5p. 2700025 7p | BCI3? 80139 Her 
qAAbO0 4700, 2 ‘50p, 80138 80140 40p BFYI0 
746132 BC140 BOI4a rear 
enouines Fon any ormen teres. | Beta soiet seve 
acta? note? ae 
Harn ets breed 
Bete? 80207 Bevel 
80290 arvsa 
ELEC CAPACITORS 80220 wr vid 
C 80233 BRION 
80238 BRY39 
soe? ease 
Boess ones 
80263 on 
seo? esvas 


80x32 ayiay MURATA ULTRASONIC 
80x42 By 164 TRANSDUCERS 40k Hz 

uDyio wy t33 Type MA4O LIS Transmit 
Brits BY 164 Type MA4O LIR_ Receive 
BE I20 BYxe £2.00 each £3.50 pair 


Ciara) «20 bate 
BIZ C164 Op 


arcs 1100 
rigs 

whi b 
tr 80 tno Gop | ROTARY SWITCHES BY LORLIN 

pa tae 1 POLE 12 WAY 2 POLE 6 WAY 3POLE 4 WAY 


3 £430 All at 40p Each, 
18 Mue340 ARORRO WON ee 


179 MPSAOS 
180 MPSAO6 


18 sce OPTO ELECTRONIC 


183 1P298, 


i Tip30. CORNER 


SEESSSseeeEssEszeze28s 


$8838 


3 


DECODER BOARD 
CONTAINING 


18 x 74156 2x 74155 2x 7409 

1x 74180 1 x 74150 1 x TIP32 

2x 60 WAY EDGE CONNECTORS 

Few only left of this unreap 

unrepeatable bargain £3.50 each. 
eoeee 

XTAL MIC Inserts 75p each, 

5" Scopetubes SESJ (for 

callers only) £18.00 each. 

Bias Reyector coils 50- 100KHZ 


aden Se 


1 MHz CRYSTALS £3.00 
Push to Make Switches 
20p each. 
Chokes 10uH 35p each 

100uH 65p each 
Futaba 5LTO2 Non Multiplexed 
4 Digit Phosphor Diode Display 
With A.M./P M./Colon £5.00 


8888 


SETaRSTIE 
822583. 


? 


858s 


220063 0p 4700/70 135 «| BCI258 80133 BF KAR 


SESSPIBSsseeeeesF eFZF 


2N22194 
2N2483 
2N2906 
2N2907 
2N3053 
2N3054 
2N3055 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3708 
2N3715 
2N3819 
2N3866 
2N3904 
2N6027 
280234 
2N5777 


BESSSERS: 
SRBFPFFSSIFSFFZTIISSHZIFS: 


4710 
4716 
4725 
47:35 
47°50 
100 10 
100 16 
100 2 
100'50 
100 63 
220 16 


~ 


PRE SET POTS. MICRO BLOCK 


100mw Hore /Vertical 2102 250 Nano:Sec 
SOR 1M Ohm Bp Eoch Static RAM (1024 x 1 
BIT) £2.20 each 
4tor £8.40 
MULLARD POT Btor £16.00 yy 


ponte 2102 480 Nano:Sec 

220 25 4 TOG SOOKNE Static RAM (1024 x 1 
CA3084 aeaiee, LAs 1030KHZ BIT) £1.00 ech ye 
CA3085 330 35 LIMITED OFFER 100p 


1» 
% 
Ip 
% 
Ip 
% 
AY38500, NESSE Te 
% 
Ip 
1 
Ip 
1» 
1» 
Ip 
x 
CAR088 ‘$N76033N 7» 33050 DIODES BY ITT/TEXAS LAS 30 100K HZ 
% 
I 
%» 
ua 
Ip 
& 
Ip 
& 
& 
& 
9 


CA3039 NES628 
CA3046 $AD1024 
CA3060 SLO178 
CA3065 ‘SN76003N 
CA3076 SN76013N 
CA3080 


SSCS LESSS 


zbe8szxg¢e2 
BESeaRESSSSSTESE REST 


IX 


CA3088 —190p- SN76227N 470.10 100 for £1.50, Please note, 8C237 100p. 2112 450 Nano-Sec 


CA3089 4 SN76228N 7 100 for UAT<10KHZ atic RAM (266 x 4 
CA309000 SN76660N + 470 25 these are full spec devices bee Stat 


470.35 100K LOG 
Ce 10 rARgee eT mess bx os ezaooun 
a t . 
Cate” TAABEO 1000 2530p Texas TIS 88A VHF 1M LOG ELEKTORNADO sTSiCh 
head TARE 1000/35 3p FET 10 for £2.30 2M LOG pega ZENER DIODES 2 aracter 
LM211H TAAT00 1000/40 40p 100 for £20.00 | 244 LIN All at 30p Exch 400mw Generator. Upper 
LM3002R5 TAA790. 1000/63 $0p 555 TIMER All parts £12.00 OV7.33V 10p Each. Case £7.00 each JY 
LM3OIAN 309 = TAD100 1200/63 60p 10 tor £2.60 , | GANGEO POTS FCB ceCd F206. 2513 Character 
M304 TADI10 220010 30p | Ai AL BO» Esch icssdiaaislcadldaaes EPTOT Generator lower 
M307N TBA1205 TA OR Ame ex! [Ske emul or LOG RECTIFIERS £7.00 eech 
LM308T05 or TOK + 10K LIN oF LOG 
CMBOB0 IC Teassoa Je + 25K LiN er LOG puss sane MM5204 F. Rom 
M309 TBA5200 POLY CAPS 50K + 50K LIN or LOG ea 1 AMP 100V £8.00 each YY 
Le TOE rene208, MULLARD MODULES | 100K + 100K LIN of LO 14PIN TAME 200, 8212 8 Bit in/out ot 
um317« TBASSOO L152 500K + 500K LIN or LOG 16 PIN TAME DON, Port £3.00 eech 
(P1183 1M + IM LIN oF LOG 28 pin 1 AMP 1000V 8080 an MPUICPUI 


M324 TBASGOC 
P1165 2M + 2M LIN of LOG Berita 
LP1168 % GHz COUNTER 2 AMP 200V 8831 et Line 
LP1169 Time bate and contro! board parts. . Driver £2,00 each 
P.C. Board ext 8833 Tri State Trans 


up1173 ‘Counter and Display board parts ....., £31. Transceiver 


LP1181 a egirtis A.C.A. TRIACS: pe 


LP1400 . ise hes . 8835 Tri State 
p | erie 3. are Transco? 00 each 
TANT. BEADS F8002 mechanical prs €61.86 “oo AYS~1013 U/ART 


aanev Total Prices s.ceseesccsccielse2 J 101.38 £8.00 
47Nev —— 


47/28 * 


47/38V 


CONSONANT KIT 
Sarsev PRE-CONSONANT KIT 
1,0/36V. LUMINANT KIT 
aiiy: Prices on application 
33/16 
ATI3V B 


a7/iev High quality Trimmer Caps 
100/3V Min-Max * 


260k=06F, ‘Allons 306 ST PAULS ROAD HIGHBURY CORNER 


Hopraaser 8 LONDON N1 01-226 1489 shor HOURS 


FERRITE BEADS MON — FRI9 — 5.30 PM 
6MM long OD 3MM 1D IMM. SAT 9 ~ 4.30 PM 


ASSORTED GIANT SCREW PACKS | 3p each 100 for £2.00 
SPECIAL OFFERS INCLUDES BARCLAYCARD j A 
100 off 741 SELF TAPPING SELF CUTTING | [geatfor Ger prion oe énarge Christmas holidays 
100 off 55's NUTS, BOLTS, WASHERS, P VSA | Q i 
100 off IN4148 EYELETSETC. ETC. Syston sin, eee . closed: — 


100 off ADI61 WEIGHT kg 2.2Ibs, (Rasorted Japanese 1,F CS) =" Heo, 23—Jan, 2nd 


100 off AO162 ‘Approx 1400 items Trenatormers'20 for€1,28, 
ALL PRICES INCLUDE POST AND VAT 


1000 PF 
2700 
3300 
4700 
6800 
0.01 uF 
0.022 uF 
0.033 uF 
9.047 uF 


M339 TBAG4IA12 
CM348N 7BA700 
LM380 TBA7200 
LM381N TBA7500 
M382 TBA800 
L391 TBAB10 
LMSB5 TBA820 
LM709C TBA9200 
LM710T05 TCA2700 
LM71001L TCA2708 
LM723T08 TCA760 
{M7230 1L TCA4500A 
LM733 TDA1008 
um741 TOA1034 
LM748 TDA2002 
LM1303N TOA2020 
M1458 TLOBa 
tM3080 R320 
M3900 XR2206 
LM3909N R207 
MC1310P XR2208 
MC1312P XR2216 
MC1314P XR2567 
MC1316P XR4136 
MK50398 R4202 
MM5314 XR4212 
MM5316 XR4739 
NES29K 2N414 
NESS 95H90 


P1166 2 AMP 100V 


SESSESIES 


SSSESREEEEF 
seseseses 


S 
2. 


SESSESTFEES: 


BEEESES 
SRSESEREESSESSESESSSSSESSERERIESE RE asESES 
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100 off .185 Red Leds ONUY £180 (U.K. only) FERRITE RINGS FX1593 PRICES valid at the time of going to press 
100 off .2 Red Leds 
100 off Green/Yellow Leds 


338 


